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ABSTRACT 
The present investigation was carried out using 
two alkylating agents, viz., ethylmethane sulphonate 
(EMS) and methylmethane sulphonate (MMS) and a 
re.spiratory inhibitor, viz., Sodium azide (SA) on chilli 
(Capsicum annuum L.). The main objective of this study 
was to explore the possibility of inducing genetic 
variability for quantitative characters in three 
varieties viz., NRH, Jwala and Suryamukhi Black of 
chilli. Various other aspects of this study were: (1) 
biological damage in M, generation; (2) efficiency and 
effectiveness of the mutagens; (3) chlorophyll mutation 
frequency and its spectrum. 
The M- generation was studied for such 
parameters as percentage of seed germination, seedling 
height, plant survival and pollen fertility. A 
depression in seed germination, seedling height and 
pollen fertility was envisaged with increasing 
concentrations of the mutagens. 
Morphological investigations of M-, plants 
exhibit anomalies in the cotyledonary and vegetative 
leaves and the frequency of such abnormalities was 
greater at the higher concentrations of mutagen in all 
the three varieties. Treatments with SA failed to 
produce anomaly in the cotyledonary and vegetative 
leaves in all the-varieties studied. 
A wide spectrum of chlorophyll mutants was 
obtained in M_ generation. The frequency of chlorophyll 
mutations v/as dose dependent and increased with the 
mutagen concentration. EMS treatments induced the 
highest frequency of chlorophyll mutations and was 
followed by MMS and SA in all the three varieties. 
The mutagenic effectiveness as measured by the 
percentage of mutated plant progenies divided by the 
unit dose of the mutagen was higher at lower doses of 
the mutagens. MMS was found to be most effective and the 
order of the mutagens based upon effectiveness v/as 
MMS > SA > EMS. The mutagenic efficiency worked out on 
the basis of seedling injury (Mp/I) and pollen sterility 
(Mp/S), showed a declining trend with increasing 
concentrations of mutagens. The EMS treatments were 
found to be more efficient in comparison to the other 
mutagens (MMS and SA) in all the varieties. 
A wide range of morphological mutants exhibiting 
altered morphological features were identified in M-
population. The highest frequency was noticed in the EMS 
treated population and the lowest in the SA treated one, 
MMS treatments being the intermediate. The range of such 
mutants was relatively wide in the var. NRH followed by 
the varieties Jwala and S. Black. The isolated 
morphological mutants in the present investigation 
showed a negative selection value. However, few of them 
can be improved through selection by eliminating some of 
the undesirable characters. 
Attempts were made to ascertain the effect of 
the mutagenic treatments on mean and the coefficient of 
variation (CV) in M, itself. Induced quantitative 
variability was studied for seven quantitative 
parameters, namely, days to flowering, plant height 
(cm), days to maturity, number of fertile branches, 
number of fruits, 1000 seed weight (g) and total plant 
yield (g). Means for all the seven quantitative 
characters remained unchanged in the treated populations. 
However, the coefficient of variation (CV) differed from 
character to character and the hi3K<?5)t CV over the 
control was recorded for fertile branches per plant. 
The mean number of fertile branches, number of 
fruits, 1000 seed weight and total plant yield of the 
plant increased in all the treatments. With some 
exceptions in the three varieties. The exceptions were 
noticed in M„ generation, where as M-, generation showed 
a complete positive trend of shift. The mean of days to 
flowering and maturity shifted on either side of the 
control mean after the mutagenic treatment. Flowering 
was early by four days with 0.2% EMS treatment in M-
generation of the var. NRH. Similarly days to maturity 
were reduced by approximately four days with 0.2% EMS and 
0.02% MMS treatments. The treatments of SA at 
various concentrations gave the maximum reduction in 
plant height in all the three varieties. 
Certain mutants, much superior to the others in 
their performance for seed yield per plant were evaluated 
in order to find out the selection response in M^ 
generation. Increase in yield concurrent with the 
increase in mean values of fertile branches and fruits 
per plant was noticed. The other characters, namely, days 
to flowering, plant height, days to maturity showed no 
significant differences in mean values. However some 
characters such as 1000 seed weight differed 
significantly from the control. 
In general, the lower concentrations of the muta-
gens used in the present investigation v;ere more 
effective and efficient rather than the higher concentra-
tions. Mutagenesis could be employed to alter the genetic 
make up of the chilli. 
Cytological investigations of M and M„ plants 
exhibited various meiotic abnormalities which increased 
with the increase of concentrations of mutagen. 
Irregularities observed are bridges, fragments, laggards, 
stickiness, non-orientation of chromosomes, precocious 
movement and multivalent associations of chromosomes etc. 
Multivalent association of chromosomes might be 
due to translocation while laggards are formed owing to 
weak pairing of chromosomes. Bridge formation is a 
5 
common, may be attributed to paracentric inversion. 
Precocious movements and stickiness of chromosomes is 
due to failure of chiasmata formation and deploymerisa-
tion of nucleic acid respectively. However breaks are 
formed owing to changes in molecular constituents of 
chromosomes caused by mutagenic treatments. 
Another attempt to induce the variability by 
colchicine application was undertaken in Capsicum 
frutescens var. Suryamukhi. The most effective 
treatment; for the induction of tetraploids was found to 
be 0.2% aqueous colchicine applied to the growing point 
of young seedlings for 12 hours. On the whole 64% of 
plants became polyploid and survived. 
The induced tetraploid was characterized by deep 
green, thick and rough leaves with larger epidermal 
cells, stomata, palisade and spongy parenchyma. The 
number of stomata per unit area in the tetraploid V7as 
less than that of the diploid. In general the 
morphological characters were larger in the polyploids 
than their counterparts in the diploids. The 4n plants 
were completely sterile and no fruit setting was 
observed in them. The cause of complete failure of fr\iit 
formation lies in the premature disintegration of the 
stigma which blocks the passage of the pollen tube to 
reach the egg. The induced polyploids exhibit 
cytological abnormalities such as univalents, laggards, 
restitution nuclei, non-congression and non-orientation 
of certain bivalents and other irregularities such as 
sub-division of the chromosomes complement into 2 or 
more groups that function independently within the cell, 
nondisjunction of chromosomes and unequal distribution 
of the chromosomes to the polar regions at anaphase were 
noted at either or both meiotic divisions in the PMCs. 
The gametes produced by a polyploid with such a 
cytological mechanism will have extremely variable 
chromosome number. Those gametes which have balanced 
genomes will be functional. The evolutionary 
significance of the various anomalies observed and their 
importance to plant breeder have been discussed. 
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INTRODUCTION 
Besides the conventional breeding method l ike 
selection and hybridization, crop improvement through Mutation 
breeding has become an important method, for improving 
specific characters of a crop plant. By employing this 
technique nearly 685 new variet ies of crop plants , have been 
developed in various countries (Micke et^  al_. 1985). 
Chil l i (Capsicum annuum L.) is an important 
solanaceous vegetable crop. They are eaten raw or cooked, 
and are also preserved. They are used as condiments in 
preparation of hot sauces and in pharmacy. It is being 
cultivated in almost all the countries of world. The data on 
area of cultivation and production, in our country is given 
in Table 1. 
The existing genotypes of chil l ies are poor y ie lders , 
and susceptible to s tress conditions, insect , pests and diseases 
and i t is needless to emphasis that this crop requires further 
genetic improvements for local adaptations. 
Genus Capsicum belongs to the t r ibe 'Solaneae' and 
sub family "solanoideae" of the family solanaceae. It is a 
small genus of herbs , some species of which may sometimes 
becomes shrubby. It is a native of the tropical America. Many 
var ie t ies of pepper are available in India and the plants of 
2-
TABLE 1 : All India Statist ical Figures for Dry Chillies 
(1984) (State wise)* 
Sta te 
Andhra P r a d e s h 
Assam 
Bihar 
Gujarat 
HaryEina 
Kama taka 
Madhya P r a d e s h 
Maharash t r a 
Or i s sa 
Punjab 
Rajas than 
Tamil Nadu 
Uttar P r a d e s h 
West Bengal 
All India Total 
Area 
( '000 ha) 
169 
10 
11 
14 
9 
151 
57 
147 
47 
8 
31 
62 
26 
24 
791 
Product ion 
( ' 000 mt) 
198 
57 
14 
13 
9 
46 
20 
71 
38 
10 
30 
32 
20 
17 
528 
Yield 
( k g / h a ) 
1167 
-
1237 
897 
1021 
303 
357 
487 
816 
1160 
971 
525 
776 
736 
667 
•SOURCE : Directorate of Economics, ICAR, New Delhi (1984). 
these var ie t ies vary in height, s i ze , shape , colour and 
pungency of fruit. These plants include Bell-peppers , sweet 
peppers , ch i l l i e s , paprikas and pimentoes e tc . Sweet pepper 
among these , is least pungent and therefore i t is usually used 
as a vegetable rather than a sp ice . Paprikas are European 
var ie t ies with large mild f rui ts . Spanish papr ika , also known 
as Pimiento are used in cheese preparation and stuffed ol ives . 
Hungarian Paprikas are used as powdered Paprika (Thompson, 
1949). 
The chil l ies or Capsicum sp . a r e s t r i c t ly tropical and 
subtropical p lants . Capsicum is grown in many parts of India, 
especial ly in Madras, Bihar, Hyderabad and Bombay, and to 
a lesser extent in the plains of north India. It is grown also 
in the h i l l s up to 6,500 ft. 
The genus has been classified in different ways by 
different botanists. Many authorit ies recognise only two 
spec ies . Capsicum annuum Linn, (annual, with flowers borne 
singly in leaf axils) and Capsicum frutescens Linn. (Perennial, 
with flower clusters in leaf a x i l s ) . There are many varieties 
differing mainly in the s ize , shape, and pungency of fruits . 
Unripe fruits are generally green, but forms are known bearing 
cream coloured, geenish-yellow, yellow, orange, purple or 
purpl ish-black raw fruits. 
Taxonomy, floral biology and cultivation of ch i l l i 
Capsicum annvnim L. 
1. Taxonomy : 
The present taxonomic status of pepper Capsicum 
annuum L. may be stated as follows : 
Kingdom 
Division 
Sub-division 
Class 
Family 
Tribe 
Genus 
Species 
- Plantae 
Spermatophyta 
Angiospermae 
Dicotyledonae 
Solanaceae 
Solaneae 
Capsicum 
C. annuum 
Botanical description : 
Habit 
Root 
Stem 
Leaves 
Inflorescence 
Annual, h e r b , 
Tap root system 
Erect, branched, solid, 
cyl indr ica l , green. 
Simple, en t i re , opposite, acute 
Cymose usually a typical eixillary 
cyme. 
Flowers 
Calyx 
Corolla 
Androecium 
Gynoecium 
Ovary 
Fruit 
Seed 
Germination 
Usually pedic i l la te , hermarphodite, 
actinomorphic, regular, hypogynous, 
complete. Bracts and bracteoles 
are absent . 
5 sepals ^ gamosepalous, lobes 
small, persistent and often 
enlarge in f rui ts , oblong, acute, 
green. 
5 pe ta l s , gamopetalous, rotate , 
lobes oblong ^ acute, white 
twisted or valvate aestivation. 
5 stamens, alternate to peta ls , 
polyandrous, epipetalous, filame-
nts shor t , anther oblong bicelled. 
2 carpels (b ica rp i l l a ry ) , syncar-
pous ovary, obliquely placed 
in the flowers, superior , globose, 
bilocular; axi le placentation; 
s ty le simple, hairy at the base. 
Superior, typically bilocular, 
but in apical portion i t becomes 
unilocular. 
Berry, with persistent calyx . 
Either smooth or pitted . 
Epigeal germination. 
2. Floral Biology : 
The study of floral biology has now become an 
essential methood for an effective breeding programme. Flowers 
of the genus Capsicum are typical ly pentamerous, hermarphodite 
with a pedical of 10-20 mm long. The opening of flowers is 
adversely effected on dull and wet days but in long spells 
of bad weather flowers do open Anthesis is completed in 
the morning by 8-9 A.M. and most flowers shed their pollen 
at 9.00 A.M. The rhythm of flowering and total number of 
flowers produced per plant may vary enormously according 
to the genotype. 
P is t i l has an ovary with longitudinal diameter of 
2.5 mm £ind a transversal diameter of 1.5-5.0 mm, containing 
2-4 ca rpe l s . The style has 3.5 to 6.5 mm long, capitate lobed 
or papi l la te stigma with a mean diameter slightly greater than 
that of s t y l e . Receptivity of Stigma var ies with temperature 
during anthes is . It is highest on the day of anthesis, when 
the anthers are fully developed but are s t i l l indehised and 
corolla is closed but is about to open and it lasts for a 
maximum of 4-7 days or 5-9 days after emasculation. 
There are 5-7 stamens per flower. They have filament 
which are 1.8-3.5 mm long with anthers 1.2-2.0 mm wide and 
2-4 mm long. Dehiscence is la tera l along a line running the 
whole length of the anther. 
3. Cultivation : 
It is cultivated on a loamy soil having 0.2 ppm 
solution of phosphate and watered at 0.33 ba r . It should be 
i rr igated l ightly before sowing to maintain proper moisture 
content in sub - surface of soil during seed germination. In the 
saline soil the yield is reduced very rapidly with the 
increase in the concentration of Na and CI ions. Before the 
commencement of the rainy season, the field is throughly 
ploughed to ensure maximum soil aeration and i t also helps 
to eliminate the weeds. 
Nllwik (1981) found that the day temperature of 25°C 
increases the total leaf area and dry weight in pepper. 
Rylskl and Spigelman (1982 ) reported that a night temperature 
of 15 °C with a day temperature of 24° to 28°C was the best 
for fruit setting and production of higher number of fruits 
per plant . 
The pungent principle of chi l l ies is capsaicin, 
C^QH 0-N. ( m . p . , 64.5-65°), which has been shown to be 
a condensation product of 3-hydroxy-4-methoxy benzyl amine 
cind decylenic acid. In commercial samples, the concentration 
of capsaicin is about 0.1%. On heating capsaicin, a highly 
i rr i ta t ing vapour is produced. Capsaicin retains its 
character is t ic pungency in a dilution of 1 in a million parts 
of water. Analysis of various samples of chi l l ies showed that 
the maximum concentration of capsaicin is found in the inner 
walls . Neither the hulls nor the seeds contain the pungent 
principle (Chem. Abst r . , 1942, 36: 3573). 
The colouring matter of r ipe fruit contains : 
capsanthin, capsorubin, zeaxanthin, lutein, cryptoxanthin, and 
carotenes and a few unidentified xanthophyl ls . The total 
pigment content in r ipe Capsicum is 4.07-5.4 per kg. chi l l i 
seeds contain alpha-tocopherol ( v i t . E) in a concentration of 
about 2-4 mg per 100 gm and oil 9-13% in a powdered dry 
f ru i t s . According to Sastri (1950) the chemicals present in 
100 g of green and dry chil l ies are given in Table 2. 
Capsicum preparations are used as counter-irritants 
in lumbago, neuralgia, and rheumatic d i sorders . Taken 
internal ly . Capsicum has a tonic carminative action especially 
useful in atonic dyspepsia. It i s , however, contraindicated 
in gastr ic ca tarrh (*Martindale, I . 360). Taken inordinately, 
i t may cause gastroenterites. It i s sometimes added to tannin 
or rose gargles for pharyngitis and relaxed sore throat . It 
is administered in the form of powder, tincture; liniment, 
p las te r , ointment, medicated wool, e t c . 
They are also used in green condition for flavouring 
vegetable dishes and for making pickles . Chillies are used 
for pepper sauces, Tobasco sauces, and other local dishes 
in United States . More than elsewhere, it is very popular 
and used as essential ingredients of meal, pickles and salad 
TABLE 2 : Chemical composition of 100 g of green and dry 
chillies 
Constitution Green chi l l ies Dry chil l ies 
1. Moisture 82.60 gms 10.00 gms 
2. Protein 02.90 gms 15.90 gms 
3 . Fat 00.60 gms 06.20 gms 
4. Carbohydrate 03.00 gms 31.60 gms 
5. Fibre 06.80 gms 30.20 gms 
6. Mineral matter 01.00 gms 00.10 gms 
7. Calcium 00.03 gms 00.16 gms 
8. Iron 00.0012 gms 00.27 gms 
9. Phosphorus 00.08 gms 00.37 gms 
10. Vit. C 111 gm 50 gm 
11 . Carotenes 454 lU 567 lU 
(Evaluated as Vit. A) 
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in India J. especially in Southern par ts and among non-vegetarian 
communities. In other countries like,USA,it forms chief source 
for commercial preparation of vi t C. 
Climatic and soil requirements of chi l l ies are like 
those of tomato. It is a warm season crop and intolerant of 
frost. But fruit development is adversely effected by a 
temperature of 100°F and above, (38°C or more) for the 
production of fruits and seeds . Growing season lasts for 5-
6 months. High yields are obtained when the crops are raised 
on soils r ich in lime. 
Chill i is one of the most important commercial crop 
of India. Genetic experiments in chi l l ies have been mainly 
limited to evaluations and selections of locally available 
var ie t ies and thei r hybridizations because of the absence of 
large var ia t ions . 
Mutagenesis is the most important method for inducing 
alternations in the genotype to enlarge the variabi l i ty of 
quantitative and qualitative characters in a shortest possible 
time and provides good scope for selection because the 
var iab i l i ty has been narrowing in chi l l ies due to unidirectional 
selections and limited type of germplasm. 
The variations encountered with many of the 
agronomic characters such as yield are of continuous type and 
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have resulted from polygenic interaction with the environment. 
Individual gene effects contributing to the expression of these 
characters are too small to be recognised and evaluated 
separately by the classical methods. One has to deal with 
the average effects of genes or genes' en massee' and make 
use of biometrical tool in thei r analysis such as generation 
means and variances. Information on the nature of generation 
controlling the economic characters is of crucial value in any 
plant breeding programme. The two important stages of most, 
of not a l l , plant breeding programmes a re ; (i) Selection within 
a base population of genetically var iable individuals of 
families and (2) utilization of the selected material for the 
creation of the new popubtions to be employed either as 
commercial variet ies or as the base for the new cycle of 
selection. At both stages, a knowledge of the genetic 
archi tecture of the character under improvement is essential 
for a b reeder . 
In view of the present advancement in our knowledge 
of gene and genetic variation, our abi l i ty to create variation 
by induction of mutations has been increasing. The idea of 
inducing mutations artificially and utilizing them for breeding 
was put forward as early as 1901 by Hugo de v r i e s . The proof 
of ionizing radiations producing mutations was presented by 
Muller (1927) in fruitfly. Stadeler (1928) produced mutations 
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in barley and maize. Ganger and Blackeslee (1927) in Datura 
stramonium and Goodspeed (1929) in Nicotiana by x-rays and 
gamma r a y s . Discovery of chemical mutagens during the forties 
opened new vistas of understanding the nature of the gene 
and the nature of the mutation process (Auerbach, 1943). Now 
there are hundreds of synthetic chemicals which have been 
used extensively and found to be highly mutagenic in various 
organisms. 
The use of chemical mutagenesis in agriculture for 
improving the crops plants presented a new departure from 
convraitional methods. In conventional breeding methods the 
store of natural variabil i ty e i ther present in the sample 
population init ial ly or introduced through hybridization, is 
subjected to recombination and selection and the frequency 
of favourable combinations of gene is thereby increased and 
f ixed. Mutation breeding helps in inducing a greater 
var iab i l i ty in various plant characters in a comparatively, 
shor ter t ime. This accelerates the breeding programme but 
does not dispense with in the conventional breeding methods. 
Only through a careful screening and selection, the range 
of genetic var iabi l i ty induced by chemical mutagens can be 
exploited for obtaining desirable l ines . 
The induction of mutation has been accepted as a 
useful tool in the plant breeding programme. The success in 
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plant improvement programme,, however, depends basically 
on controlling and directing the induced mutations process for 
the production of desired mutations. One of the chief advantage 
of mutation breeding is the abi l i ty to improve a single feature 
in a var ie ty without significantly altering the otherwise 
des i rable oiake up of agronomic charac te r s . Another advantage 
of mutation breeding is the creation of var iabi l i ty which 
enhances the scope for selection. 
Exploration- of the possibi l i ty of crop improvement 
by induction and factors governing the inheritance of 
quantitative t ra i t s has been recommended by several breeders . 
A ser ies of experiments carried out with various crops has 
established that chemical mutagens, when applied to plants, 
induced mutations in polygenic characters (Bateman, 1959; 
Kumar, 1972; Larik, 1975; Siddique et^  al^. 1979, and Khan, 
1982). 
Most of the plant at t r ibutes of interest to a plant 
breeder are quantitative which are controlled by polygenic 
interaction. In these situations the efficiency of selecting the 
desired mutant is generally lower than for specific characters 
which are controlled by a single gene. 
' Microrauta.tions produce genetic var iabi l i ty in 
quantitative characters of the crop plants . Hence, they deserve 
full attention of plant breeders . Such mutations should be 
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useful for improving quantitative inherited t ra i t s (e .g . grain 
yield without disturbing the major part of the genotype and 
the phenotypic architecture of the crop. 
Mutation breeding has helped to rectify certain 
specific defects in otherwise acceptable cul t ivars . Induced 
mutations increase the genetic var iabi l i ty for certain characters 
so that selection is more effective and the probability of 
getting the desired genotypes is considerably enhanced. The 
enhancement of genetic var iabi l i ty is obviously urgently needed 
so that suitable types of crop plants may be developed. 
Induction of genetic var iab i l i ty by the use of 
mutagens, has been a regular and highly effective system for 
crop improvement endeavours (IAEA, 1970). The system is 
part icularly suitable for altering polygenic t ra i ts in self 
pollinated crops (Classen, 1950; Khan, 1988). 
Unlike in cereals, the reports on induced mutagenesis 
in chil l ies are not very extensive. The information on relative 
specificity and recovery of mutations of varied magnitude is 
a pre-requis i te for practical mutation breeding. Keeping these 
in view, the present study was undertaken in three local 
variet ies of chi l l ies , namely Jwala ( J ) , New red hot (NRH) 
and Suryamukhi Black (SB). 
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The present work was aimed to : 
(a) choose the potent mutagen and standardize effective 
dose as well as treatment condition for releasing 
high mutation frequency, 
(b) study the genotype differences in relat ive mutagen 
sensi t ivi ty of the three var ie t ies and relative 
effectiveness and efficiency of mutagens. 
(c) estimate the induced . polygenic variations* 
(d) evaluate the promising macro-mutants in advanced 
generations, 
(e) induce colchiploidy in Capsicum frutescens and 
(f) to isolate such mutants which are useful to plant 
b r eede r s . 
REVIEW OF LITERATURE 
2 . 1 O r i g i n and taxonomic r e l a t i o n s h i p : 
2 . 1 . 1 G e n e r a l : 
Red peppers are popular today in Central America. 
Many species are also found in South Asia. According to 
many taxonomists New World is the main Centre of its 
origin. Dried chilli-pods have been discovered from the 
tombs in Peru and are believed to be more than 2,000 
years old, as stated by Stafford (1926). Red peppers were 
popular as a food condiment among the red Indians. 
Chillies were not used as essential element of food or as 
condiment in old world. *Decandolle (1886) held that lack 
of food reference of this genus in ancient literature was 
a sufficient proof that chillies were not used in that 
period. The centres of the diversity of the cultivated 
peppers (Capsicum annuum) is Mexico and Guatemala and of 
C. frutescens (both varieties like cultivated and wild) 
is Central and South America. According to Vavilov's 
theory these areas are centres of the origin of Capsicun 
(Bukasov, 1930); Smith and Heiser, (1957 b). It is said 
that pepper was brought to the old world in 1493 by 
Colunbus (Boswell, 1949); Portugese introduced Capsicum 
•See Thompson 1949. 
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to India from Brazil. It was reported from China during 
the last quarter of the 17th Century (Sturtevant, 1885). 
2.1.2 Species and Varieties and their Recognition: 
*Linnaeus (1753) in the first Edition of Species. 
Plantarum "reported that there were only two species of 
Capsicuim and three more species were added later *{1797). 
After some years later 100 species and varieties of 
chilli were recognised by Fingerhuth (1832), *Irish (1898) 
recognised only two species viz. Capsicum annuum and 
Capsicum frutescens and he listed all botanical varieties 
under Capsicum annuum but after some times, (during 1924) 
Bailey recognised only one species with 5 botanical 
varieties. Smith and Reiser (1951) included all types of 
varieties under Capsicum annuum. They listed pungent 
variety 'Tobasco' and some other varieties under Capsicum 
frutescens. Bailey (1924) has divided Capsicum frutescens 
in to following 5 groups. 
1. Group "Cerasiforme": Cherry pepper (pungent). 
2. Group "Conoides": Con-pepper v/ith pungent and conical 
or oblong cylindrical fruits. 
3. Group "Fasciculatum': Red-clustre having erect 
fascicled fruits, about 3" long and 1/4" thick, red 
and extremely pungent. 
••See Thompson 1949, 
4. Group 'Longum': Long pepper having droping elongated 
pungent fruits, ranging from 3-12" long and tapering 
at apex including commercial varieties like long-red, 
long yellow, and chilli cayenne. 
5. Group 'Grossum': Bell or sweet-pepper having a large 
puffy depression at the base of fruit and furrowed 
sides, red or yellow coloured and has mild flavour. 
2.1.3 Origin of species and varieties and their inter-
relationships : 
Pickersgill (1971) holds that C.annuum, C. 
baccatum and C. chinense has been domesticated 
independently from wild forms. That is why, each of these 
has a respective wild ancestor, e.g., C. chinense has 
wild plants which can be its ancestors. £. frutescens 
also has a wild form which has been maintained as 
distinct species while wild and cultivated forms within 
C. annuum and C. baccatum are distinguished at varietal 
level only. 
Distinction between wild peppers with small, 
erect and deciduous red fruits and domesticated peppers 
with large pendent non deciduous fruits of various 
colours is far from clear cut various intermediate, types 
occur which have small erect non-deciduous fruits or 
large pendent deciduous fruits. These internediates are 
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very frequent in C. annuum and C. chinense. These are not 
occasional chance hybrids but well established types. 
Some wild forms of Capsicum annuum can not be 
distinguished from C. frutescens and some domesticated 
peppers can not be included either in domesticated 
C. annuum or domesticated C. frutescens. Some forms have 
corollas quite dissimilar to those of C. annuum, C. 
chinense, or C. frutescens (Pickersgill, Heiser, and 
Mc Weill 1979). Barbara, Pickersgill; C.B. Heiser and J. 
Mc Neill (1976) (See "The Biology and Taxonomy of the 
Solanaceae 1979) have divided cultivated Capsicum into 
5 species and four groups viz. 
(a) domesticated C. pubescens , 
(b) domesticated C. baccatum L., 
(c) domesticated C. annuum L., 
(d) domesticated Complex of C. chinense 
According to them the cultivated and domesticated form of 
C. baccatum has been derived from the wild forms of the 
same species. Generally the species of Capsicum have same 
chromosome number i.e. 2n=24 and their basic Karyotype 
consists of one pair of acrocentric chromosome and eleven 
pairs of meta and sub-metacentric chromosomes. This basic 
Karyotype is found in C. chinense, C. frutescens, 
frutescens like wild Capsicum annuum, Costa, Rican wild 
C. annuum and several other wild forms of C. annuum. But 
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domesticated C. annuum has a distinctive Karyotype with 2 
pairs of acrocentric chromosomes. It is found in wild 
C. annuum of Central Mexico. The second pair of 
acrocentric -chromosome seems to have arisen as a result 
of an unequal reciprocal translocation, between two of 
the pairs of meta or sub-metacentrics in the basic 
components (Koompai; 1976; Pickersgill, unpublished). 
Translocation heterozygotes produced by appropriate 
crosses between wild and domesticated or within wild 
forms of C. annuum have their 30-50% reduced pollen 
stainability. Thus there are sterility barriers with in 
C. annuum as those marked between C_. chinense and C_. 
frutescens or between wild £. annuum (See Pickersgill, 
Heiser and Mc Neill, 1979). It seems that immediate 
ancestor of the present day C. annuum, C. chinense and 
C. frutescens group was a variable complex of wild forms 
carrying the basic Karyotype and perhaps was similar in 
appearance to frutescens like wild C. annuum found today. 
This probably occurred in Southern North America, Central 
America and West Indies. Perhaps it was self-compatible 
and occurred in small, distantly placed, populations and 
therefore did not permit inter-population gene exchange. 
This resulted into development of typical wild C. annuum, 
wild C. chinense and wild C. frutescens. From this 
complex of partially differentiated wild forms, the 
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domesticated peppers developed by independent 
domestication of local wild peppers in Mexico (C. annuum) 
South America (C. chinense) and Mesoamerica (C. 
frutescens) . Mc, Leod, Guttaman, Hardy and Eshbaugh 
(1982) studied evolution of chilli peppers. According to 
them genus Capsicum is a complex of 20-30 v?ild species, 
and 5 domesticated texa. They hold that genus with all 
its species / except one, viz, £. anamolum (Eshbaugh, 
1980), is of New world origin. They stated that 
domesticated texa and associated wild species could be 
organised into 3 groups, one purple flowered group 
includes £. cardenasii, £. eximium and C^ . pubescens; one 
white flowered group includes C. baccatum var. baccatum, 
C. baccatum. var. pendulum and £. praetermissum; the 
second white flowered group includes C. annuum variety 
aviculare, C_. annuum var. annuum, C. chinense and £. 
frutescens L. However, based upon breeding and 
electrophoretic data, £. chacoense with white flowers, 
does not fit into any one of the recognised groups. 
According to Mc Leod et. a_l. , (1982) C. chacoense is 
distinguished genetically from all these groups yet it is 
closely related to the purple colour flowered group of 
C. pubescens and it is equally distant from both white 
flowered groups. Egawa and Tanaka (1984) studied 
cytogenetic relationship among 3 species of chilli 
peppers viz. C. chinense, C. frutescens and C. baccatum 
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by studying their interspecific and intraspecific 
hybrids. 
In a cross between C. baccatum X C. frutescens at 
MI of PMC, chromosome pairing was regular with 12 
bivalents and average viable pollen grains were present. 
The average chromosomal distribution of the hybrids 
showed uni (0.87), biv (10.22), tri (0.31), quadri (0.34) 
and hexavalent (0.06). Similarly the hybrids between 
C- chinense X £. frutescens, also showed twelve bivalents 
and regular pairing of chromosomes with the average of 
0.06 I and 11.97 II. They do not appear to be distinct 
but a single species with 2 varieties. It also shows that 
these 3 species had common ancestors but £. baccatum had 
derived early from the ancestral stock. 
2.1.4 Characteristics of Wild and Cultivated Species: 
Following are some of the pure wild species e.g. 
£. cardenasii, £. cornutum, £. eximium, £. qalapoqense, 
C. qeminifolium, £. minutiflorum, £. praetermissum, £. 
schottianum and £. scolnikianum as identified by 
(Hunziker, 1950; 1954, 1961 b, Heiser and Smith, 1958, 
Eshbaugh, 1964). These occur throughout the central and 
South America, but other workers like Lippert, Smith and 
Bergh (1966) distinguished 12 wild and cultivated species 
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e.g. (a) C. chinense, (b) C. frutescens (c) C. 
qalapoqense, or (d) C. annuum, (e) C. schottianum, (f) C. 
microcarpum, or (g) C. pendulum, (h) C. eximium, (i) C. 
praetermissum, (j) C. scolnikianum. 
Their distinguishing morphological characters has 
been summarized in Table 3. 
2.2 Some Concepts in Mutagenesis: 
2.2.1 Mutagens: 
The idea of inducing mutations and utilizing them 
for improving cultivated plants is more than eighty years 
old. The concept was first suggested by Hugo de Vries in 
1901. It was put to use for the first time by Muller in 
1927 when he succeeded in inducing certain variations in 
Drosophila using X-rays . Later Stadler (1928) induced 
mutations in barley and Goodspeed (19 29) in Datura and 
Nicotiana. 
Indications about the possibility of induction of 
mutations by the use of chemical mutagens started 
appearing within a decade after discovery of the 
phenomenon (Morgan, 1911). Sakharov (1932) also held 
similar views. However, the first elaborate report was 
presented by Auerbach and Robson (1942) who showed thar 
mustard gas could induce mutations as well as chromosomal 
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breaks in Drosophila. Urethane was reported to produce 
chromosomal breaks in Oenothera (Ochlkers, 1946). 
Formalin was also shown to carry mutagenic effect when 
fed to Drosophila (Rapoport, 1946). 
Heslot (1959), for the first time, demonstrated 
the mutagenic activity of ethyl methane sulphonate (EMS). 
Rapoport et^ al_. (1966) discovered nitroso-methyl urea 
which was found to be very strong mutagen. Sodium azide 
mutagenicity in higher plants was discovered by Spence 
(1965) who used this chemical as a respiratory inhibitor 
in barley. Later, sodium azide was found to be a very 
effective mutagen under certain treatment conditions 
(Kleinhofs et^  al_. , 1974) and it was possible to obtain 
high mutation frequency, mostly gene mutations, with 
negligible frequency of chromosomal aberrations. 
Sodium azide, an inhibitor of catalase and 
peroxidase enzymes, is a remarkably efficient mutagen in 
barley (Nilan et_ a^. , 1973) with hydrogen ion 
concentration of its treatment solution as a key to its 
high mutagenic potency (Sideris £t £l_. , 1969). It is also 
known to cause somatic mosaicism in Glycine max (Vig, 
1973) and induce mutations in Pisum (Sander and 
Muehlbauer, 1977). Sodium azide as such does not 
possesses radiomimetic activity but has shown synergistic 
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effect with radiations, methyl-nitroso urea (MNH), 
ethylmethane sulphonate (EMS) and propane sultone (PS) 
resulting in an increased chromosomal aberration frequency 
(Kihlman, 1959; Sideris et al. , 1969), seedling growth 
injury (Choudhary and Kaul 1976) and Chlorophyll mutation 
frequency (Konzak et £l • , 1975; Khalatkar et al,. , 1979; 
and Singh and Olejniczak, 1983). The mutagenic efficiency 
of azide is very high when measured as the ratio of 
mutation yielded to chromosomal aberrations (Konzak et_ al. , 
1972) . 
Our knowledge on the fundamental aspects of the 
mutational processes and the mechanism of action of 
various physical and chemical mutagens and their 
combinations has been fairly widened with reports of Blixt 
and the Gottschalk (1975), Gottschalk (1978a, 1978b), 
Gottschalk and Wolff (1983), Sharma (1985) and Khan 
(1986). Though there are several unanswered questions 
regarding the classification and mechanism of action of 
mutagens, yet a more comprehensive account of them was 
given by Sharma (1985). 
Alkylating agents are by far the most extensive 
and important group of mutagens. These compounds bear one 
or more reactive alkyl-groups capable of being transferred 
to other molecules at positions where the electron density 
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is sufficiently high. They cause alkylation of phosphate 
groups of DNA as well as the bases, the most frequent 
event being the formation of 7-alkyle guanine. 
In practice, however, only a few of the mutagens 
are used more frequently, most of them belonging to the 
groups of alkylating agents such as ethylmethane 
sulphonate (EMS), methylmethane sulphonate (MMS), 
diethylsulphonate (dES), ethylene-imine (EI), N-nitoso-N-
ethyl-urethane (NEU), nitroso-ethyl-urea and nitroso-
methyl urea. Of these, nitroso compounds have been 
reported to be the most effective (Rapoport, 1962, 1963; 
Swaminathan, 1966; IAEA, 1970). 
Apart from easy handling and bet^ter efficiency 
chemical mutagens have greater specificity than radiations 
(Auerbach, 1965). Chemical mutagens have been reported to 
be more potent in inducing mutations than the physical one 
(Sharma, 1965; Blixt and Mossberg, 1967). 
2.2.2 Dose effect: 
The dose required for high mutation efficiency of 
a chemical mutagen depends on the properties of the 
agents, of the solvent medium and of the biological system 
in question. In general, the dose effect of a chemical 
mutagenic treatment comprises several parameters, of which 
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the most important are concentrations, durations of 
treatments and temperature during treatment. 
Chemical mutagens like EMS and NMU have been shown 
to have a dose-related reduction in pollen fertility 
(Nerker, 1970). Hussein and Disouki (1976) reported 
similar results in Phaseolus vulgaris L. Siddic (1967) 
found NMU to be more effective at higher doses than gamma 
rays. Dose linked effectiveness of NMU was also noted in 
Vigna radiata in terms of germination loss, reduction in 
pollen fertility, and seedling height (Singh and 
Chaturvedi, 1980). Similar effects with EMS were noted in 
pearl millet (Singh et al.. , 1978); Wellensick (1965), 
Mighacheva (1972) and Salim et al^., (1974), noticed dose 
dependent reduction in germination, seeding height, and 
fertility in peas. Similar results have been reported in 
mungbean by Khan (1983). With a view to enhance the 
mutation rate and also to alter the spectrum of mutations, 
many variations in treatment methodology have been used by 
different workers. Treatment with chemical or physical 
mutagens have been given to dry as well as soaked seeds, 
seedling at different developmental stages, different 
phases of cell cycle, at variable temperature and ionic 
concentrations of chemical mutagens (Chopra and Pai, 
1979) . 
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2.3 Mutagenic Sensitivity: 
It is well known that the same mutagen dose can 
cause different degrees of effect in different species. 
Varied mutagenic sensitivity of different genotypes was 
first reported by Gregory (1955) in groundnut and by 
Lamprecht (1955) in peas. 
Singh and Chaturvedi (1980), using NMU and gamma 
rays found distinct varietal differences in Vigna radiata, 
Siddiq (1967) used EMS, NMU, gamma rays and neutrons to 
determine mutagenic sensitivity in rice and noticed that 
varieties belonging to indica and japonica types differed 
in their radiosensitivity. 
Akbar et al., (1976) concluded that the 
differences in radiosensitivity among the rice varieties 
may be due to differences in their recovery processes 
involving enzyme activity. Gukasyan and Akopyan (1974) 
found the maximum rate of mutations in the pepper plants 
using NMU. 
Bykovets and Vasykiv (1971) conducted 
mutation studies on leguminous crops like soyabean, french 
bean, peas, and Lathyrus with three mutagens, viz., NEU, 
NMU and dES. it was found that all crops are not mutable 
to some extent and that the maximum mutagenic effects 
appeared in peas, next in Soyabean and none in Lathyrus. 
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Nerker (1970) demonstrated' varietal differences in the 
mutagenic sensitivity of Lathyrus sativus. Sinha and 
Godward (1972) recorded similar differences between 
macrosperma and microsperma lentils. In wheat also, such 
varietal differences with regard to induction of 
chlorophyll mutations were noticed by Minocha £t_ a^. , 
(1970). 
In general, the varieties with a large assortment 
of recessive characters, show greater sensitivity and 
frequency of M„ mutants than varieties, with dominant 
characters (Gelin et al. , 1958; Blixt, 1970; Gad, 1980; 
Dolgikh and Tarasenkov, 1971). The mechanism controlling 
sensitivity to chemical mutagens and X-rays have been 
reported to be different from those determining 
sensitivity to gamma rays (Sokolov and Balchunene 1977). 
2.4 Mutation Frequency and Spectriim: 
In the mutation induction programmes the choice of 
an effective and efficient mutagen will certainly increase 
the possibility of recovering desired mutations in M» 
generation. That mutagens may show difference in mutation 
spectrum was reported by Ehrenberg ejt a^. , (1958); Konzak 
et al. (1962) and Sharma (1968). It is generally accepted 
that the frequency of chlorophyll mutation in M„ 
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generation is good indication of the total mutation 
pattern (Mesken and Van der Veen, 1968). 
Auerbach (1967) has suggested that spectrum 
changes could probably be induced more by controlling the 
recovery pattern rather than the primary process of 
induction of mutation. 
Higher frequency of chlorophyll and other viable 
mutations, following treatment with chemical mutagens and 
radiations, was reported by Blixt et aJ., (1958, 1963). 
Several workers have reported a higher mutation frequency 
in legumes following treatment with chemical mutagens as 
compared to physical mutagens (Wellensick 1965; Monti and 
Donini, 1968). Chemical mutagens especially alkylating 
agents, in contrast to radiations, produce a wider 
spectrum of mutations (Swaminathan £t al.-/ 1962). The 
cited authors proposed that the differences in the 
spectrum with radiations and EMS in barley must be related 
to the specific action of EMS on the genetic material. 
Savin et al^ . , (1968) concluded that in barley, NMU was 
superior to EMS in inducing chlorophyll mutations. Multiple 
mutations also occurred in the NMU treated material in 
their study. Hussein et_ aJ. (1974) found EMS to be much 
superior to gamma rays for inducing high frequency and 
wide spectrum of mutations. 
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There are strong indications that total mutation 
frequency and spectrum are associated with 
dose of mutagen. (Rybakov, 1971; Ghosh et^ a_l. , 1973; 
Hussein £t a]^. , 1974; and Rao et_ al^ . , 1991). However, this 
claim was reduplicated by some workers (Pipie, 1972; Khan, 
1979) who found no relationship between the dose of 
mutagen and the mutation spectrum. According to Vo Hung 
(1974) the highest dose is not always the most effective 
treatment. Srivastava et^  a_l • / (1973) found higher doses 
of EMS to be less toxic than higher doses of MMS in gram. 
The number of lethal mutations was reported to be low and 
that of useful ones to be high with low doses of 
irradiation followed by treatment with chemical mutagens. 
It has been pointed out that phenotypically similar 
mutations may be produced by different treatments 
(Khevostova et_ a_l. , 1973). 
2.5 Chlorophyll Mutations: 
Chlorophyll mutations, although not useful for 
plant breeding purposes, have been used as one of the 
measure of the mutagenic effect. Several authors reported 
the occurence of different types of chlorophyll mutations 
in different crops, such as albina, Xantha, Chlorina, 
viridis, maculata, striata etc., in the M_ generation 
following treatments with various mutagenic agents in 
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mungbean (Dahiya, 1973), in chilli (Venkatra jam e_t al. , 
1984), in barley (Sharma, 1969), in rice (Rao and Gopal 
Ayengar, 1964) and in wheat (Chopra and Swaminathan 1966). 
Combined treatments with different physical and 
chemical mutagens alter the mutation frequency and 
spectrum (Arnason et_ al^ . , 1963 and Favert, 1963). In 
bareley, combinations of treatment, with gamma rays and 
EMS showed synergistic effects on chlorophyll mutation 
frequency (Sharma, 1969). Similar observations were made 
on rice after treatment with thermal neutrons and dES (Rao 
and Gopal Ayengar, 1964). In wheat, a reduced chlorophyll 
mutation frequency was observed in combinations of EMS and 
HA (hydroxy1 amine) treatments (Chopra and Swaminathan, 
1966). 
Venkatrajam et al., (1984) observed 6 types of 
chlorophyll mutations in chilli treated with combined 
treatment of EMS and X-rays or both, they reported that 
the chlorophyll mutation frequency was enhanced with an 
increasing dose but dropped at very high doses. Seeds of 
Lathyrus sativus L. were treated with gamma rays and 
methyl ethene sulphonate (MES) either alone and in 
combinations (Prasad and Das; 1980) and the frequency of 
chlorophyll mutation in M- generation was found to be 
cocomitent with doses. 
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Marki and Bianu (1970) noticed that NMU and EMS 
were more effective in inducing chlorophyll mutations in 
flax. They also recorded a difference to the spectra of 
mutations obtained with different mutagens. Nerker (1977) 
found that EMS and NMU more effective than gamma rays. He 
noticed that the spectrum and frequency of mutation were 
highly dependent on the nature of mutagen used-
2.6 Mutagenic Effectiveness and Efficiency: 
Mutagenic effectiveness is a measure of the 
mutations induced per unit dose of a mutagen, while 
mutagenic efficiency give an idea of genetic damage 
(mutation) in relation to the total biological damage 
observed in M, generation. The usefulness of any mutation 
in plant breeding depends not only on the mutagenic 
effectiveness but also on the mutagenic efficiency which 
measures the mutation rate in relation to the biological 
effect. The criteria for measuring the damage are seedling 
height, survival, mitotic and meiotic chromosome mutations 
(Konzak et aJ., 1965). 
Mutagenic effectiveness and efficiency of 
different mutagens vary distinctly^ ethylene imine has 
been reported to be more effective and efficient than 
gamma rays (Blixt, 1964), where as dES has been found to 
be superior to X-rays (Monti, 1968).NMU has been observed 
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to surpass EI and gamma rays in its effectiveness and 
efficiency (Debelyi et^  a]^. , 1975; Vakovlev andAgarkova, 
1979). Rao and Rao (1983) observed that the MMS recorded 
the higher mutagenic effectiveness than gamma rays in the 
two varieties of rice. Rao et_ a_l. , (1991) observed that 
gamma rays were found to be efficient than EMS in chilli. 
A comparison of the mutagenic effectiveness and 
efficiency of N-methyl-N-nitroso guanidine (NG) with those 
of gamma rays, EMS and NMU was made by Siddiq and 
Swaminathan (1968c). The lower the concentrations of these 
mutagens, except NG showed the highest mutagenic 
efficiency and the effectiveness was uniformly high in 
lower concentrations. In Sorghum, Sree Ramulu (1970) noted 
the highest mutagenic effectiveness at lower doses of EMS, 
NEU and X-rays. He noted that mutagenic efficiency of EMS 
was higher than that of NEU, possibly due to high 
toxicity of NEU. Prasad (1972) found NMU to be a more 
effective and efficient mutagen under low concentrations. 
In lentil, Sharma (1977) noticed a decline in the 
effectiveness and efficiency of the mutagens with 
increased doses of NMU and gamma rays. Nerker (1977) 
studied the effectiveness and efficiency of gamma rays, 
NMU and EMS in Lathyrus and found that based on their 
effectiveness, the three mutagens stood in the declining 
order of NMU, EMS and gamma rays. However, on the basis of 
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their efficiency, the sequence was gamma rays, EMS and 
NMU. Both mutagenic effectiveness and efficiency were 
higher at lower doses of mutagens. It has been noticed 
that among the mono-functional mutagens, methylating 
agents are more toxic and thus have to be used only at 
lower concentrations (IAEA, 1970), while ethylating 
agents, being less toxic can be applied at relatively 
higher concentrations to yield more mutations at equimolar 
concentrations. 
Relative efficiency, effectiveness and factors of 
effectiveness for treated and control populations of the 
two rice varieties (Telia hamsa and IR-24) have been 
reported by Rao and Rao (1983). The highest mutagen 
efficiency v/as recorded with NMU treatment followed by MMS 
and HA (hydroxyl amine). The effectiveness was remarkably 
high in chemical mutagen treatments and markedly low in 
gamma treatments. Reddy and Smith (1984) studied mutagenic 
effectiveness and efficiency of hydrazine (Hz) and 
ethylmethane sulphonate (EMS) with a local sorghum variety 
of Taxas, Tx-414, based on seedling injury, sterility, and 
chlorophyll and morphological mutations in M-, generation.' 
Based on low seedling injury and seed sterility they found 
HZ to be a more highly efficient mutagen than EMS. 
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2.7 Studies on M, parameters: 
There are many reports to demonstrate the effects 
of treatment on germination percentage and survival of 
plants (Bhaskaran, 1959; Goud, 1965; Kempanna £t al. , 
1969; Khan, 1979). Observations pertaining to three sets 
of Chemicals viz., aziridines, nitroso -compounds and 
esters indicated a significant reduction in the 
germination percentage of treated population (Kalia, 
1984). Choudhary (1983) reported a symmetric reduction in 
germination in all the six wheat varieties towards higher 
doses of gamma rays. Germination has been reportec? to be 
inhibited by ionizing radiations, and the inhibitory 
effect increases with increasing doses (Fautrier, 1976; 
Narang and Prakash, 1983). As a consequence of treatment 
effect, reduction in survival has been reported by 
different investigators (Bhaskaran and Swaminathar>, 1962 
and Goud, 1965). Swaminathan £t al. (1962) while working 
with bread wheat reported no change in survival percentage 
after EMS treatments. Dubey (1973), also did not report 
any change in the survival of four varieties whiqh were 
exposed to both chemical and ionizing radiations. Kalia 
(1984) observed a significant reduction in survival 
percentage with different chemical mutagens. 
Effect of radiation on pollen fertility in wheat 
was studied by Bhaskaran (1959), Jagathesan • (1960), 
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Bhatia (1960), Prabhakar Rao (1962) and Chandra (196S). 
All of them noticed a reduction in pollen fertility over 
control, the decrease being inversely proportional to 
doses. In case of EMS, Chandra (1965) observed slightly 
greater reduction in pollen fertility, compared to X-rays. 
The biological effects induced in barley by EMS 
have been measured by plant responses such as lethality, 
plant survival, spike fertility, mitotic and meiotic 
chromosome aberrations in M, generation (Konzak et al., 
1961; Swaminathan et al., 1962 and Ramanana and Natrajan, 
1965). Sharma (1969) reported that reduction in seedling 
height showed a direct relationship with EMS dose, the 
maximum reduction occurring at the highest dose. Majid 
(1969) reported that the treatments with gamma rays and 
EMS (used singly or in combination) resulted in lowered 
germination, survival growth, pollen and seed fertility in 
Lycopersicon. 
The effect of gamma rays and EMS on the seeds of 
Capsicum annuumL. has studied by Asha and Nayar (1986). 
They observed that the pollen sterility increased with 
increase in dose and that gamma rays induced a higher 
percent sterility compared to EMS. Mutagenic efficiency of 
gamma rays, NMU and their combinations was studied by 
Dixit and Dubey (1986) in terms of M, seedling injury, 
sterility and chlorophyll mutations in lentil variety T-36. 
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They observed no correlation between dosage of the 
mutagens used and the germination and seedling height. 
They further noted that combined treatments of gamma rays 
and 0.02% NMU brought about a greater reduction in 
survival than the individual treatment with either 
mutagens. 
Variation in size/ texture, type and modification 
of leaf parts were found to be more pre-dominant than 
other characters except the nature of pods (Patil, 1966). 
That pea mutants with increased leaf size have a high 
yield, was reported by Vesileva (1978). In garden pea, 
mutants cause branched tendrils instead of leaflets, and 
seed production was low (Snoad, 1974) and without any 
agronomic interest (Gottschalk, 1973; Gottschalk and Kaul, 
1973). During the mutagenic studies in Capsicum Venkatrajain 
and Subhash (1986) reported the presence of needle like 
narrow lanceolate leaves with abnormal floral 
characteristics. Ansari and Siddiqui (1986) found 
variation in leaf shape, lobe formation and dentation 
after chemical mutagenic treatments in Ammi majus L. 
2.8 Studies on quantitative characters: 
Improvement of cultivated plants largely depends 
on the extent of genetic variability available with in the 
species. Mutagenesis had provided a handy tool to enhance 
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the natural mutational rate and there by enlarging the 
genetic variability and increase the scope for obtaining 
the desired selections. 
The significance of small mutations in evolution 
was first recognised and emphasised by Baur (1924) and 
later it has been studied by many workers in different 
crop plants. Gaul (1965) has emphasised the significance 
of micromutations in plant breeding by stating that there 
appears to be no doubt that micromutations may effect 
virtually all the morphological and physiological 
characters as do large mutations and they might have 
higher mutation rate than the macromutations. Several 
workers have so far reported encouraging results about the 
induction of useful quantitative variability in different 
crop plants viz., Gregory (1955, 1956) in Peanuts, 
Rawlings et al. , (1958) and Papa et al. , (1961) in Soya 
bean, Krull and Frey (1961) in Oats, Brock (1965) in 
subterranean clover and Arabidopsis thaliana, Gustafsson 
(1963) in barley, Lawrence (1968) in Arabidopsis, Bhatia 
and Swaminathan (1962), Borojevic (1965) and Goud (1967) 
in wheat, Scossiroli (1962) in corn, Gupta and Swaminathan 
(1967) in toria, Ramulu (1974) in Sorghum, Aastveit (1967) 
in rye, Sakai and Suzuki (1964) in rice and Shah et al., 
(1986) in chilli. 
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There is considerable differences of opinion on 
the relative incidence of induced polygenic variation in 
the negative or positive direction and shift of the mean 
in M_ and later generations. 
2.-9 Induction of Meiotic Abnormalities: 
Kalovkyan (1968) has reported the frequent 
occurrence of fragmentation and bridge formation in £. 
annuum after the treatment with nitroso-ethyl-urea (NEU) 
and nitrosomethyl urea (NMU). Kamaluddin and Abraham 
(1970) reported that X-ray irradiated seeds of chillies 
resulted in morphological abnormalities, chromosomal 
aberrations and production of Xantha chlorophyll-mutants 
with increased frequency. Illieva and Molkhova (1975) 
reported the effect of gamma irradiation on the micro-
sporogenesis of C.annuum after the application of doses of 
0.3, 0.5, 1.0 and 1.5 Kr during the period of differentia-
tion of pollen mother cells. The process of meiosis was 
stopped at different stages as a result of exposure of the 
material to different doses of irradiation. The spindle 
was broken at metaphase I and the chromosomes showed 
structural changes connected to the formation of 
fragments, bridges etc. even at the lowest irradiation 
doses. Subhash and Nizam (1977) reported that the 
increasing dose of X-ray irradiation resulted into the 
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formation of increased number of multivalents, fragments, 
bridges, micro-nuclei and multiple spindle formation in 
C. annuum. Baparao and Nagalla (1977) have reported 
partial desynapsis of mutants obtained from X-ray and EMS 
treated M, population of C. annuum. It showed variable 
number of univalents (2-24) at diakinesis and metaphase-I. 
X-ray irradiation produced more anamolous cells than 
treatment with EMS. 
Katiyar (1977) described desynaptic behaviour in a 
variant, isolated from a variety of C. annuum with erectly 
oriented fruits, following 20 Kr gamma irradiations. It 
showed meiotic irregularities like micronuclei, miniature 
polyspory and gametes with genetic imbalance. Nagalla and 
Nagalla (1977) described the desynapsis in Capsicum after 
treatment with X-rays and EMS, variable number of 
univalents were found at diakinesis and metaphase-I and 
chiasma frequency was lower than that of normal plants. 
Lakshmi and Rao (1978) described chromosomal 
interchange in a yellow fruited variety of pepper. A 
translocation heterozygote of C. annuum L.(2n = 24) with 
an association of four non-nuclear chromosomes showed 
vigorous growth, irregular meiosis and pollen sterility of 
83.5%. Cawood (1980) reported the aggregation of 
chromosomes into a synergistic knot during zygotene in 
Capsicum. 
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Katiyar (1978) has reported that the irradiation 
of dry seeds of C. annuum with gamma rays at 5,10,15 and 
20 Kr level showed abnormal chromosomes with stickiness, 
clumping, altered association, breakage, bridges, unequal 
segregations laggards and abnormal microspores. They also 
stated that with an increasing dose of gamma rays, pollen 
sterility increased and abnormalies present were much more 
in M, generation than in M2• 
Abraham and Koshy (1979) described mutagenic 
potential of green chillies and reported abnormalities 
like otcromatic gaps, chromosomal breakage chromosomal 
clumping in the treated cells. Rao and Lakshmi (1980) 
described the meiotic abnormalities in gamma-ray induced 
mutants of C. annuum after the use of 10,30 or 40 Kr. It 
resulted into meiotic abnormalities, like stickiness of 
the chromosomes, clumping, formation of multivalents and 
univalents, breakages, non-orientation of chromosomes at 
metaphase-plate, unequal groupings of chromosomes, 
laggards and abnormal microspores . The frequency of 
occurrence of these abnormalities was proportional to the 
doses of the gamma-rays and pollen sterility was 
cumulative result of variant and aberrant meiotic stages. 
Meshram et a]^. , (1981) reported spontaneous 
multiple translocations in Capsicum annuum. It was a 
healthy plant with broad green leaves and large flowers. 
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At metaphase I rings of 4 and 8 chromosomes and chains of 
4,6/8,10,12 and 18 chromosomes were observed. Non-
disjunction, laggards, chromatin bridges and irregular 
distribution of chromosomes were observed at anaphase I 
and this resulted into 90-100% sterility in pollen. 
Subhash et^  ^ . , (1981a) reported induction of multilocular 
ovary in C. annuum by treating it with mitomycin ' C . 
Dimitrove (1981) studied the nature of chromosomal gaps 
induced by alkylating reagents (EI, N-nitroso-N-methyl 
Urethane) and X-rays in C. capillaris which became 
apparent after treatment with caffeine. Sadanandam et^  al., 
(1981) reported occurrence of desynaptic mutants in C. 
annuum induced by treatment with 0.19% EMS. Danilenko 
(1982) described the mutagenic activity of nitroso-methyl 
uridine in chilli. Sadanandam and Subhash (1981) reported 
a desynaptic mutant of C. annuum, which was produced by 
treatment with DES and showed 72 percent pollen sterility. 
This characteristic was controlled by a single recessive 
gene. 
Singh (1982) described the effect of lAA with 
maleic hydrazide and colchicine on the root tip mitosis. 
It resulted into chromosomal abnormalities like chromatid 
breakages, bridge formation, polyploidy, lagging 
chromosomes, micronuclei, stickiness etc. 
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Abida et al., (1983) have described spontaneous 
interchange heterozygote in C. chinense with 44.4% pollen 
sterility. They also showed lOII + I ring or chain of 4 
chromosomes or lOII + II or + llll + 2 I in addition to 
cells with 12II. Out of the 12 pairs of homologues, there 
was one homomorphic and a second heteromorphic pair of 
satellite chromosomes. Perhaps the smaller of the 
heteromorphic pair of chromosomes was the normal and 
during the interchange a small satellited part of its 
homologue shifted to another non-satellited centric pair 
of non-homologous chromosomes from where a large segment 
came back to its homologue producing the larger member of 
the heteromorphic pair. 
Subhash and Venkatrajam (1983) described the 
cytological and morphological variations induced in 
Capsicum cultivar C-5 after X-ray irradiation at 1,3,5 and 
10 Kr doses. Gross chromosomal abnormalities like 
unoriented fragments at metaphase, bridges at anaphase and 
telophase, with or without laggards and chlorophyll 
mutants were observed. 
Venkatrajam et^  aj^-/ (1984) treated soaked seeds of 
chillies with X-rays and 0.1% EMS, separately and in 
combination of both. They observed 6 types of chlorophyll 
mutants namely xantha, albina, chlorina, viridis, 
maculata, and striata in M generation. Occurrence of 
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chlorophyll mutations were in proportion to the dose 
durations and combined treatment enhanced the frequency 
of mutation. 
Venkatrajam et al.^ (1984), studied the effect of 
mitomycin on soaked seed of chillies. It reduced the 
percentage of seed germination and seedling survival 
drastically. Mutants showed choromosomal alterations, 
chlorophyll mutations, formation and development of 
micronuclei which resulted into high pollen sterility. 
Kumar et a_l. , (1986) noted the mode of bivalent 
formation in a desynaptic mutant of chilli and found that 
frequencies of pollen mother cells with different number 
of bivalent significantly deviated from those expected 
with a normal distribution. This desynapsis in the mutant 
was controlled by a recessive gene. 
Meshram and Patil (1987) reported meiotic 
anomalies and chromosomal stickiness in chilli, C. annuum 
during microsporogenesis due to the effect of EMS, DMS 
and acrid juice of mango. In 0.2% concentration of DMS 
percentage of PMCs with univalents and multivalents 
association was quite high and more chromatin bridges, 
laggards, spindle abnormalities and micronuclei were 
produced with higher concentrations and longer duration 
of treatments. 
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2.10 Polyploidy: 
BlakesJee and Avery (1937) and Nebel and Ruttle 
(1938) were among the first to report on cytological and 
genetical significance of colchicine when applied to 
plant tissue. Derman (1938), working with Rhoeo discolor, 
elucidated the role of colchicine in cell division. Soon 
after, the application of colchicine to induce polyploidy 
came in to practice all over the world. 
Induction of polyploidy by experimental methods 
has been proved to be a handy tool in tampering with the 
genotype of an organism and in widening the amplitude of 
variation in gene pool. The production of colchicine 
induced polyploidy (4x) in pepper was first reported by 
Gyorffy in 1939 in Paprika, While spontaneous tetraploids 
in C. frutescens were reported by Greenleaf (1947). 
During this period, this phenomenon was reported by 
various workers all over the world (Pal and Ramanujam, 
1939; Nishiyama, 1939; 1940; Pal et _al., 1941 Aleksic, 
1960; Palfi et aj^. , 1961; Siskovic, 1962; Raghuvanshi and 
Joshi, 1964; Palfi et al. , 1967; Murthy et. aj^. , 1968; 
Indira and Abraham, 1978; Khan and SiddLqui^ 1981 and 
Anis, 1982). Indira and Abraham (1977) also found the 
tetraploid for the first time in C. annuum by 
irradiation. 
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Reports on tripoloidy in C. annuum are 
fragmentory. A single instance of naturally occurring 
triploid was reported first time by Lippert et_ aj^. , 1966. 
Later, Pal and Ramanujam (1939) suggested that triploids 
from colchicine treated seeds may have arisen 
spontaneously. Later on, Chennaveeraiah and Habib (1973) 
reported spontaneous triploid in Capsicum annuum, 
Nishiyama and Karasawa (1954) succeeded in producing 
tripoloids (2n = 36) in Capsicum by crossing diploid (2x) 
and tetraploid (4x) reciprocally, while Ohta (1962b) 
obtained hypotriploid (2n = 35) in Capsicum by crossing 
(2x) and (4x). Indira and Abraham (1980) reported 
radiation induced triploid (3x) in Capsicum annuum. 
These polyploids were found to gain in plant 
height, number of leaves, size of cells, stomata, 
flowers, pollen grain and seeds as compared with diploid 
plants (Greenleaf, 1947; Geor^ieva, 1959; Aleksic, 1960; 
P^^ ££. Bi-' 1941). However, Murthy et aj^. , (1968) and 
Khan and Siddiqui(1981) have never found the tetraploids 
with decreased plant height and lesser branches. 
Report on Aneuploidy in pepper are very few.Pal 
and Ramanujam (1940) reported on additional chromosome 
(Trisomic, 2n+l) in Capsicum. The same phenomenon has 
been reported by Subhash and Nizam (1975) by X-ray 
irradiation in Capsicum annuum. 
MATERIALS AND METHODS 
In the present investigation three varieties of 
Capsicum annuum L. (2n = 24), namely Jwala, NRH and 
Suryamukhi Black were selected for the study of induced 
mutagenesis with special reference to the improvement of 
characters of economic interest. 
The certified, healthy, and dry seeds of chilli 
(Capsicum annuum L.) were procured from the Government 
Agricultural Farm, Aligarh and utilized for the present 
study. The salient features of different varieties are 
documented in Table 4. These varieties are well adapted to 
the agro-climatic conditions of Uttar Pradesh and are 
extensively cultivated in this region including the 
experimental site (University's Agriculture Farn, 
Aligarh). 
3.1 Mutagenic Agents: 
The following three different chemical mutagens 
were used in the present investigation, 
1. Ethyl methane sulphonate (EMS), (CH^QSO-C-H^) 
2. Methyl-methane sulphonate (MMS), (CH^-SO_CH^) 
3. Sodium Azide (SA), (NaN-) 
The properties of these mutagens are summarized in Table 5. 
Table 4. Comparative study of quantitative characters of three varieties of Capsicum annuum and 
C. frutescens Var. Suryamukhi. 
Capsicum annuum Capsium frutescens 
Characters Var. Jwala 
(J) 
Var. NRH Var. S.Black Var. S. 
(Nev7 Red Hot) (Suryamukhi Black) (Suryamukhi) 
Habit 
Heicjht (cm) 
Stem 
Number of branches/ 
plant 
Leaf (Type) 
Leaf length (cm) 
Leaf breadth (cm) 
Erect nuch 
branched 
42.66+3.84 
Thick, cylind-
rical green 
8.40+1.09 
Simple, ovate 
acute entire 
7.82+1.86 
4.12+0.86 
Diameter of flower (cm) 2.01+0.19 
Nature of style 
Average Number of 
fruits/plant 
Length of fruit (cm) 
Circumference of 
fruit (cm) 
Fruit colour on 
maturation 
ripening and 
shape 
Weight of 1000 
seeds/g 
Pollen fertility (?) 
Diameter of seeds (mm) 
Pollen size ( >u) 
Chromosome Number 
Degree of pungency 
Use 
Maturation period 
Host suitable 
growing season 
Heterostyly 
56.6+8.12 
11.24+0.91 
3.04+0.54 
Erect sparsely 
branched 
48+4.04 
Thick cylind-
rical green 
5.05+1.28 
Simple ovate 
acute entire 
9.52+0.71 
4.74+0.71 
2.15+0.11 
Heterostyly 
13.60+2.72 
"4.24+1.62 
4.44+0.58 
Green, dark, red Dark green 
smooth, elongated bright red, 
thin 
smooth surface 
4.63+0.08 
92.83+1.69 
3.39+0.26 
3.49+0.06 
24 
Severe pungent 
As spice 
70 days 
June-August 
elongated, small, 
cluster of 1-3 
7.69+0.06 
91.084-1.88 
3.95+0.52 
3.48+0.06 
24 
Much pungent 
As s p i c e 
82 days 
June-August 
but a l l 
seasonal 
Erect profuse ly 
branched 
49.36+2.69 
Thick cylind-
rical green 
7.55+1.28 
Simple ovate 
acute entire 
7.28+^ 1.22 
3.52+0.35 
2.19+0.09 
Heterostyly 
64.50+7.16 
4.88^0.51 
2.98+0.27 
Violet black 
blakish red, 
smoot h, 
4.71+0.72 
95.33+1.91 
3.48+0.42 
3.47+0.08 
24 
Hot pungent 
As spice 
90 days 
June-August 
but all 
seasonal 
Erect much 
branched 
54.54+2.38 
Thick cyl ind-
r i c a l woody 
7 .45+1.50 
Simple ovate 
acute e n t i r e 
6 .94+0 .33 
3 .16+0.47 
1 .94+0.12 
Heterostyly 
59.35+9.39 
3.01+0.22 
3.75+0.33 
Light green, 
red blunt and 
fruit erect 
4.74+0.04 
93.00+1.76 
3.00+1.76 
3.47+0.82 
24 
Most puncent 
As spice 
95 days 
June-August 
but all 
seasonal 
Germination(%) 71.00 69.00 69.00 70.00 
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3.1.1 Experimental Procedure: 
Preparation of mutagenic solution: All solutions of 
chemical mutagens were prepared in phosphate buffer of 
pH 7 and only freshly prepared solutions were used in 
the treatment. 
3.1.2 Pre- Treatment: 
In each variety, the selfed seeds of uniform 
size were used for different treatment. For each dose/ 
concentration, three samples each with 275 seeds, were 
taken alongwith the control. Prior to chemical mutagenic 
treatment the seeds were pre-soaked in distilled water 
for 6 hour at room temperature (27+l°C). After the 
expiry of pre-soaking period, the seeds were kept on 
blotting paper so as to remove small droplets of water 
adhering to the surface of seeds. There after, the seeds 
were treated in chemical mutagens for 6 hours. 
3.1.3 Mutagen administration: 
Doses: Following concentrations of different mutagens 
were administered in pre-soaked seeds. 
EMS = 0.1%, 0.2%, 0.3%, 0.4% 
MMS = 0.01%, 0.02%, 0.03%, 0.04% 
SA = 0.01%, 0.02%, 0.03%, 0.04% 
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3.1.4 Sample Size: 
For each treatment 275 seeds (three replicate 
each) were treated with different concentrations of 
chemical mutagens. Inter-mittent shaking v/as given 
during treatment. To facilitate uniform absorption large 
quantities of solution of mutations, approximately three 
times of volume of seeds (Konzak et_ aj.., 1965) were 
used. 
Controls; 275 seeds of each variety were soaked in 
distilled water for 6 hrs to serve as control. 
3.1.5 Post Soaking Treatment: 
The seeds treated with chemical mutagens were 
thoroughly washed in running water for half an hour 
before they were sown in nursery beds. 
3.2 Method of handling and selection of the treated 
material in different generations: 
3.2.1 M, Generation: 
Three replications of 75 seeds each, were sown 
for each treatment in each variety at the University 
Agricultural Farm, A.M.U., Aligarh. The distance between 
the seeds in a row and between the rows was kept 30x60 
cms respectively. Recommended agronomic practices were 
employed for preparation of field, sowing and subsequent 
management of the populations. 
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The remaining lots of 50 seeds was used for 
determining percentage of seed germination and seedling 
height i.e. root and shoot length. Seeds of each 
treatment with their respective controls of all the 
three varieties were spread over moist cotton in 
petriplates. Finally the petriplates were kept in B.O.D. 
incubator at 27+l°C temperature with the relative 
humidity of 97%. 
3.3 Observations recorded in the M Generation: 
3.3.1 Sensitivity Study: 
A detailed study of the effects of different 
mutagenic treatments in the three varieties was under 
taken using the following parameters: 
3.3.2 Seed Germination: 
After recording gemination counts, the 
percentage of seed germination was calculated on the 
basis of total number of seeds sown in petriplates. 
Seeds which gave rise to both radicle and plumule were 
considered as germinated. 
Germination (%) = No. of seeds germinated ^ -^QQ 
No. of seeds sown 
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3.3.2.1 Seedling height: 
On the 10th day, the seedling height v/as 
estimated by measuring the root and shoot lengths of 10 
randomly selected seedlings for each treatment. Seedling 
injury as measured by the reduction in the root and 
shoot lengths was calculated in terms of percentage of 
root and shoot injury. 
3.3.2.2 Plant Survival: 
The surviving plants in different treatments 
were counted at the time of maturity and the survival 
was computed as percentage of the germinated seeds. 
3.3.2.3 Pollen Fertility: 
Pollen fertility was determined by staining the 
pollen grains v/ith 1% acetocarmine solution. For this 
purpose, 15 plants at random selected from each 
treatment including their controls for all the varieties 
and finally 5 young flower buds from each plant were 
used for microscopic analysis. Pollen grain which took 
stain and had a regular outline were considered as 
fertile, while the shrunken, empty and unstained ones as 
sterile. 
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The following formula was used to calculate the 
percentage inhibition or injury or reduction: 
Percentage of inhibition Control - treated 
Control X 100 
or 
Percentage injury 
or 
Percentage reduction 
3.3.2.4 Morphological variations: 
The morphological variations were scored on the 
basis of visible physical characters and deviations from 
the normal behaviour of the plants as compared to 
control. The parameters of the morphological variations 
were size and shape of cotyledonary and vegetative 
leaves at seedling stage. 
,, ^ ^T. , ,.. /Q.\_ No. of abnormal seedlinc ^ -,rir 1) Seedlings abnormality (%) = :; : r" ^  lO"-
•* No. of seeds germmatea 
2) Leaf abnormality (%); Abnormalities in the size and 
shape of first pair of leaf of seedlings were also 
calculated in terms of percentage by the following 
formula: 
Leaf abnormality (%) = 
No. of seedlings showing leaf 
abnormalities 
No. of seeds germinated 
X IOC 
3) Cotyledonary abnormalities: Abnormalities in size and 
shape of cotyledons were calculated in terms of 
percentage by counting the number of seedlings showing 
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cotyledonary abnormalities in .each treatment by the 
following formula: 
No. of seedling showing 
Cotyledonary abnormalities = cotyledonary abnormalities ^ ^ QQ 
(%) No. of seed germinated 
3.4 Cytological Studies: 
Flower buds of appropriate size were collected 
randomly, from 10 plants of M, generation of each 
treatment and fixed in Carnoy's fluid for 24 hours, 
supplemented with crystals of Ferric chloride. The 
material was finally stored in 70% alcohol. Meiosis was 
studied from acetocarmine squashes of pollen mother 
cells (Swaminathan et_ a_l. , 1954). The slides were made 
permanent using n-butyl alcohol schedule (Bhaduri and 
Ghose, 1954). 
3.4.1 Studies on Chiasma frequency: 
The frequency of chiasmata in treated as well as 
in control plants was estimated by scoring 200 PMCs at 
random, from dfakinesis and metaphase I stages and were 
analysed for chiasma frequency. 
3.4.2 Studies of meiotic abnoirraalities: 
Randomly selected 200 PMCs were analysed at various 
stages of meiosis for the study of meiotic anomalies 
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like univalents, multivalents, stickiness of 
chromosomes, unequal groups of chromosomes, bridges with 
or without fragments, irregular segregation of 
chromosomes, laggards and formation of micronuclei and 
unequal pollens. 
3.4.3 Photographs: 
The photomicrographs were taken from temporary 
and permanent slide preparations with the aid of !Jikon 
photomicrographic unit using 10 x eye piece and 100 x 
objective lens. The photographs of morphological parts 
were taken with ORWO, 35 mm, 125 ASA film using 
Rolleiflex Camera. 
3.5 Raising of M^ generation: 
3.5.1 M- Generation: 
For raising M- generation, 30 healthy seeds of 
all the three varieties from each normal looking M. 
plant of all different treatments v;ith their respective 
controls were planted in the plant progenies rows. The 
different treatments and controls comprised 30 
progenies. The spacing was maintained at 30 cm (plant to 
plant in a row) and 60 cm (between the rows) in the 
field. Three replications were maintained in each 
treatment. 
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3.5.2 Observations recorded in the K^ generation: 
i) Chlorophyll mutations: 
Chlorophyll mutations were scored when seedlings 
were 8-15 days old. They were identified and classified 
according to Gustafsson (1940). 
The frequency of chlorophyll mutations was 
calculated by the following formula 
,. ^  ^. J- /a\ _ Number of mutants seedlings „ i nn 
Mutation frequency (%) = ; r— •^, . ^ x 100 
Total number of M2 seedlings 
ii) Mutagenic effectiveness and efficiency: 
Mutagenic effectiveness is a measure of the 
frequency of mutations induced by unit dose of a mutagen 
(time X concentration) while mutagenic efficiency 
represents the proportion of mutations in relation to 
biological damage. 
Formula suggested by Konzak et_ al^ . , (1965) were 
used to evaluate mutagenic effectiveness and efficiency 
of the mutagens used. 
a) Mutagenic ^ Mutation rate (Mp) 
effectiveness „ , . ^ , 
Concentration of the mutagen x 
duration of treatment in hours 
b) Mutagenic _ Mutation rate 
efficiency *Biological damages in M^ generation 
*Biological damage: For measuring the biological damage 
two different criteria were used 
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(i) Injury i.e. percentage seedling height reduction 
(Mp/I). 
(ii) Sterility i.e. percentage reduction in pollen 
fertility (Mp/S). 
3.5.3 Sensitivity studies on economic traits: 
Observations were also made on 20-30 normal 
looking plants of each progeny for each treatment alone 
with their controls. The progenies segregating for 
macro mutations were not used for such analysis. The 
following seven quantitative characters were thoroughly 
studied in different generations. 
1. Days to flowering: Days to flowering were noted as 
the number of days taken the plant from the date of 
sowing to the date of opening of the first flower. 
2. Days to maturity: Days to maturity was noted as the 
number of days taken by the plant from the date of 
sowing to the date of harvesting of plant. 
3. Plant height (cm): Plant height was measured at 
maturity in centimeters from the base upto the apex of 
plant. 
4. Number of fertile branches per plant: Number of 
fertile branches which had more than one fruit were 
counted of the maturity. 
58 
5. Number of fruits per plant: Number of productive 
fruits were counted at maturity and noted as the number 
of fruits borne on the whole plant. 
6. 1000 seed weight (g): It was the weight of a random 
samples of 1000 seeds from each plant. 
7. Total plant yield (g): Plant yield was the weight of 
total number of fruits harvested per plant and the yield 
of each plant was recorded in gms• 
3.6 M_ Generation: 
For raising M-, generation, two treatments of 
each chemical mutagens for each variety were selected 
which gave the maximum total plant yield in M_ 
generation. The selected treatments were 0.1%, 0.2% of 
EMS and 0.01%, 0.02% of MMS and SA. For each of these 
treatment such M„ progenies were selected which showed 
significant deviation in mean values in the positive 
direction, from the mean values of control, particularly 
for the yield component under study in M_ generation. 
Seeds from each selected M_ progenies were bulked by 
taking an equal amount of seeds from all M_ plants from 
a single M2 progeny (Selected earlier observation) and 
thoroughly mixed. Plants showing morphological, 
chlorophyll and other variations were discarded from 
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each progeny. A random sampling of this bulk was sown to 
obtain M-, progeny. The plant to plant and row to row 
distance was kept the same as in other experiments. 
Characters studied in M^ generation were the same as in 
M„ generation. 
3.7 Statistical analysis: 
Data collected for seven quantitative characters 
in M„ and M-. generations were subjected to statistical 
analysis to assess the extent of induced variations, as 
indicated below: 
3.7.1 Mean (X): 
The mean was computed by taking the sum of a 
number of observations (X,+X-+ X ) and dividing it 
1 2 n ^ 
by the total number of observations(N) recorded, thus: 
(X^ + X2 + X„) 
X = 
or = 1 
N 
X. 
N 
where, X-^r ^2 ^n ^ observations 
N = Total number of observations recorded. 
3.7.2 Standard deviation (SD) 
Standard deviation is the positive square root 
of the average of sum of squares of deviations of all 
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observations from their means. It is computed on the 
basis of following formula: 
;(X,-X)2 + (X2-X)2 + (x.-X)2+ (X„-X)2 
SD or o = / ± ^ B 
n 
or o 
(X - X)2 
n 
where: SD or o = Standard deviation 
X - Sum of all individual observations i.e. 
Xl + X2 + X3 + X^ 
X = Mean of all observations 
n = No. of observations 
3.7.3 Standard Error (S.E.): 
S.E. = S.D. of sample 
where, S.D. = Standard deviation 
N = Number of observations 
3.7.4 Test of Significance: 
The "least significant difference" was applied 
and computed as follows: 
Step- 1, Construction of data table for 5 treatments 
and 3 replicates 
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The data were compiled such that each treatment 
occupies a column and their replicates were arranged in 
rov/s. 
Rows 
(Repli-
cates ) 
Column (Treatments) 
Number 
T^ T2 T3 T4 T5 
Total of Rows Squares 
(Replicates) of total 
( !^) rows 
Rn 
^1 ^1 ^1 °1 ^ 1 
A2 B2 C2 D2 E2 
A3 B3 C3 D3 E3 
A^+-+E^=X, 
A2+-+E2=X2 
A3+-+E3=X3 
(x^) 
( X 2 ) 
( X 3 ) 
Tota of A-^+ — A 3 B^+ B3 C,+ C3 D,+ D3 E,+ E3 
(X^)2 + ___ (X3)2 
Column (1/2) = Y^ = Y2 = Y3 = Y^ = Y^ = Wr 
(Grand Total) 
Y^ + Y^ = WX 
^1 ^ — - ^ 3 
Squares of (Y^^)^ (Y2)^ (¥3)^ (Y^)^ (Y^)^ = WY 
Total of 
columns 
( ) ' 
Sum of (A^)2+—(A3)^ (B^)^+ (63)^  {c^)^+—{C^) 
square of (D^)2^ (^^^ 2^ (j,^)2^_ '^^ ^^ 2 
Total of 
column = Z. 
. 9 
= Z. = Z = Z, 
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Step - 2 Correction Factor (CF) 
CF = ,Grand total>2 
t. r. 
r-T. _ (Wx)^ or CF - •— 
t.r. 
where, t = number of treatments 
r = number of replicates 
Wx = grand total 
Step - 3 Total sum of squares (SSQT) 
This is the sum of squares of all the values in 
the table, minus the correction factor. 
SSQT = I (A^)^.+ (B^)^ + + (E^)^ I - CF 
Step - 4 Sum of Squares of Treatments (SSQT) 
(Y,)2 + (Yp)2 + + (Yc)2 
SSQt = i ± 2 - CF 
r 
or SSQt = - ^^^ - CF 
r 
where, r = number of replicates. 
Step - 5 Sum of Squares of Replicates (SSQr) 
(X, )2- + (x.)2 + (x.)2 
SSQr = ± £ £ - CF 
t 
or SSQr = — CR 
t 
where, t = number of treatments 
Step - 6 Sum of Squares of Error (SSQE) 
SSQE = SSQT - (SSQt - SSQr) 
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Step - 7 Estimated Variance of Error (MSE) 
SSQE 
MSE = 
(t-l)(r-l) 
Step - 8 Least Significant Difference based on ordinary 
t - test (LSD) 
LSD at 5% level =J ^^^^ x (t-value at 5% level) 
r 
LSD at 1% level =J x (t-value at 1% level) 
If the difference between any two sample means 
exceeds the 'least significant difference' (L.S.D.) values 
obtained at 5% and/or 1% level, the difference between the 
two means is said to be significant at 5% and 1% level. 
3-8 Polyploidy: 
To induce colchiploids, the seedlings of Capsicum 
frutescens var- Suryamukhi were subjected to colchicine 
treatment. For each treatment the apical growing points of 
seedlings were covered with small cotton wads which were 
kept moist with aqueous 0.2% colchicine solution for 
24 hours. 
The seedlings were raised in pans and later 
transplanted in to separate pots, v/ith suitable controls. On 
attaining a height of about 5 inches, field obser-
vations on growth, flov;ering, pollen size and steri-
lity were recorded for all plants. For raeiotic 
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analysis, young flower buds were fixed in acetic alcohol 
(1:3) for 24 hours supplemented with few crystals of ferric 
acetate, For squash preparation, only half or one-third 
of an anther was taken and squashed in one or two drops 
of 2% acetocarmine solution. CoversI ips were temporarily 
cealed with sticky wax before being studied. 
The acetocarmine squashes were later made 
permanent by first removing the wax cealed and than by 
inverting them in a petridish containing normal butyl-
alcohol till the cover slip was detached from the slide 
and were-subsequently mounted in canada balsam. 
Analysis of various stages of meiosis were best 
done from fresh and temporary preparations, chiefly at 
first metaphase and anaphase. 
EXPERIMENTAL RESULTS 
The effect of mutagens on seed germination, 
seedling growth, morphological characters, meiotic analysis 
and frequency of other mutations in M, , M_ and M-, 
generations were studied. Selected mutants of M- were 
further maintained and studied in M^ generation. For the 
identification of mutations the plants raised from treated 
seeds were compared with the control (Untreated) plants 
throughout their development and the plants which showed 
apparent variations were scored as mutants. To assess the 
comparative effect of different mutagenic agents, the 
frequency of morphological mutations and meiotic 
chromosomal abnormalities were analysed statistically. 
4.1 Studies in M^ ^ generation 
The effects of chemical mutagenic treatments were 
studied on seed germination, seedling height, 
morphological abnormalities (such as those of cotyledonary 
and foliage leaves), plant survival and pollen fertility 
in M, generation. For identification of variations, the 
plant raised from treated seeds were compared with control 
(untreated plants). 
4.1.1 Seed t/ernination 
The data recorded on seed germination are 
presented in Tables 6-8. A gradual decrease was observed 
Table 6. Effect of MMS on seed germination and survival in M, 
generation. 
Variety Treatment Seed germi- Percentage Survival 
(%) nation (%) inhibition (%) 
NRH 
Jwala 
Black 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
96.00 
84.00 
69.00 
64.00 
60.00 
96.00 
90.00 
72.00 
67.00 
63.00 
98.00 
95.00 
89.00 
74.00 
64.00 
-
12.5 
28.12 
33.33 
37.5 
-
6.25 
25.00 
30.20 
34.37 
-
3.06 
9.18 
24.48 
27.27 
94.79 
91.66 
86.95 
84.37 
80.00 
93.75 
90.00 
83.33 
74.62 
66.66 
83.67 
82.10 
79.77 
77.02 
65.21 
Table 7. Effect of EMS on seed germination and survival in M, 
generation. 
Varie 
NRH 
II 
II 
tl 
If 
Jwala 
11 
II 
II 
II 
S. Bl, 
II 
II 
M 
II 
ty 
ack 
Treatment 
(%) 
Control 
0.1 
0.1 
0.3 
0.^ 
Control 
o.t. 
0.2 
0.3 
0.4 
Control 
O . l . 
0.2 
0.3 
0.4 
Seed germi-
nation (%) 
96.00 
82.00 
66.00 
62.00 
58.00 
96.00 
88.00 
71.00 
62.00 
57.00 
98.00 
94.00 
79.00 
67.00 
61.00 
Percentage 
inhibition 
-
14.58 
31.25 
35.41 
39.58 
-
8.33 
26.04 
35.41 
40.62 
-
4.00 
39.38 
31.63 
37.75 
Survival 
(%) 
94.79 
91.46 
86.36 
85.48 
80.32 
93.75 
81.81 
78.87 
64.51 
66.66 
83.67 
80.85 
78.48 
76.11 
71.66 
Table 8. Effect of SA on seed germination and survival in M-, 
generation. 
Variety 
NRH 
II 
II 
II 
II 
Jwala 
II 
II 
II 
II 
S. Black 
II 
II 
II 
II 
Treatment 
(%) 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Seed germi-
nation (%) 
96.00 
78.00 
65.00 
58.00 
52.00 
96.00 
86.00 
70.00 
60.00 
50.00 
98.00 
89.00 
71.00 
68.00 
55.00 
Percentage 
inhibition 
-
18.75 
32.29 
35.58 
45.83 
-
10.41 
27.08 
37.5 
47.91 
-
5.18 
2-.55 
2 J. 61 
42.87 
Survival 
(%) 
94.79 
78.20 
76.92 
72.41 
65.45 
93.75 
77.90 
75.71 
58.33 
56.00 
83.67 
79.77 
77.46 
67.64 
62.5 
120 
Cont. 0.01 0.02 0.03 0.04 
CONCENTRATION OF MMS(.%) 
^ N R H JWALA S.BLACK 
Fig. 1 EFFECT OF MMS ON SEED GERMINATION 
IN DIFFERENT VARIETIES OF 
Capsicum annuum L. 
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Cont. 0.1 0.2 0.3 0.4 
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Fig. 2 EFFECT OF EMS ON SEED GERMINATION 
IN DIFFERENT VARIETIES OF 
Capsicum anouuiD L. 
120 
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CONCENTRATION OF SA(%) 
0.04 
^ N R H [ H l j W A L A S.BLACK 
Fig. 3 EFFECT OF SA ON SEED GERMINATION 
IN DIFFERENT \#VRIETIES OF 
Capsicum annuum L. 
O 20 
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CONCENTRATION OF MMS(%) 
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Fig. 4 PERCENTAGE INHIBITION OF SEED 
GERMINATION IN MMS TREATMENT IN DIFF. 
VARIETIES OF QaPSiCtifTI annuum L. 
Cont. 0.1 0.2 0.3 
CONCENTRATION OF EMS(%) 
0.4 
^ NRH S i JWALA S.BLACK 
Fig. 5 PERCENTAGE INHIBITION OF SEED 
GERMINATION IN EMS TREATMENTS IN DIFF. 
VARIETIES OF Capsicum annuum L. 
Cont. 0.01 0.02 0.03 
CONCENTRATION OF SA(%) 
0.04 
NRH JWALA S.BLACK 
Fig. 6 PERCENTAGE INHIBITION OF SEED 
GERMINATION IN SA TREATMENTS IN DIFF. 
VARIETIES OF Capsicum annuum L. 
100 
Cont. 0.01 0.02 0.03 
CONCENTRATION OF MMS(%) 
0.04 
NRH JWALA S.BLACK 
Fig.7 EFFECT OF MMS ON SURVIVAL (%) 
IN DIFFERENT VARIETIES OF 
Capsicum anmmm L. 
100 
Cont. 0.1 0.2 0.3 
CONCENTRATION OF EMS(%) 
0.4 
NRH i l l JWALA S.BLACK 
Fig. 8 EFFECT OF EMS ON SURVIVAL (%) 
IN DIFFERENT VARIETIES OF 
Capsicum ammum L. 
100 
Cont. 0.01 0.02 0.03 
CONCENTRATION OP SA(%) 
0.04 
NRH I B JWALA S.BLACK 
Fig. 9 EFFECT OF SA ON SURVIVAL (%) 
IN DIFFERENT VARIETIES OF 
napsicum aoQUUJ]] L. 
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in seed germination with increasing concentrations of 
mutagens in all the varieties. Different varieties 
responded differently to various mutagenic treatments. In 
the Var. NRH, the control gave 96.00% germination. The 
different concentrations of EMS caused a gradual decrease 
in seed germination, the latter being 82.0C% with the 
lowest concentration (0.1%) and 58.00% with rhe highest 
concentration (0.4%) of the mutagen. The other two 
varieties (Jwala and S. Black) also behaved nore or less 
identically(Fig. 1-3). 
In the treatment with SA, the percentage of 
germination declined from 96.00% in the control (Var. NRH) 
to 52.00% in 0.04% SA. The other two varieties behaved 
similarly. 
Percentage inhibition also increased fro^ i lower to 
higher concentrations. In the Var. Jwala, the percentage 
inhibition was 10.41 and 47.91 with 0.01% and 0.04% SA, 
respectively. It was 18.75 and 45.83, and 9.15 and 43.87 
with these concentrations in the varieties :r?.H and S. 
Black, respectively (Fig. 4-6). 
In general, the germination started or. -he second 
day after sowing in control in all the varie-ies. It was 
delayed by more than two days in lots treated vith higher 
concentrations of all the three mutagens used, S-. shcv/ed a 
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more severe effect in all the varieties. The var. NRH 
showed a greater sensitivity to the mutagenic treatments 
(Figs.1-9). 
4.1.2 Seedling height: 
The results on seedling height, presented in 
Tables 9-11 show that all the mutagenic treatments 
caused a reduction in seedling height. The reduction was 
more pronounced in the SA-treated populations than in 
those treated with other two mutagens. Varietal 
differences were such as in the case of germination. 
Variety NRH was relatively more sensitive with respect 
to seedling height. 
The percentage injury in seedling height, as 
measured by the reduction in the root and shoot length 
of 10 days old seedlings, increased with mutagenic 
concentrations in all the varieties. In the Var. NRH, 
the seedling injury ranged from 16.64 to 70.32% in the 
treatments of EMS, and 16.53-66.02% in the MMS 
treatments. The injury was more drastic in SA 
treatments, ranging from 22.98-66.59%(Figs. 10-12). 
4.1.3 Morphological abnormalities at seedling stage: 
The immediate effect on chemical mutagens 
appeared at seedling stage up to the formation of 
cotyledonary and few vegetative leaves. In control these 
Table 9. Height of seedlings raised from EMS treated seeds in M, 
generation. 
Length in cm Percentaae 
Variety Treatment i'ercenrage 
(%) Shoot Root Total mjury 
Mean+S.E. Mean+S.E. Mean+S.E. 
NRH Control 6.58+0.11 2.25+0.14 8.83+0.25 
0 . 1 5 . 2 8 + 0 . 1 2 2 . 0 8 + 0 . 0 8 7 . 3 6 + 0 . 2 0 1 6 . 6 4 
0 . 1 4 . 0 7 + 0 . 0 5 1 . 9 6 + 0 . 0 6 6 . 0 3 + 0 . 1 1 3 1 . 7 0 
0 . 5 3 . 4 0 + 0 . 1 9 1 . 1 1 + 0 . 0 4 4 . 5 5 + 0 . 2 3 4 8 . 4 7 
OA 2 . 0 0 + 0 . 5 0 0 . 0 2 + 0 . 2 3 2 . 6 2 + 0 . 7 3 7 0 . 3 2 
Jwala Control 8.00+0.11 2.35+0.13 10.35+0.24 
0 . 1 6 . 4 0 + 0 . 1 6 2 . 3 0 + 0 . 2 2 8 . 7 0 + 0 . 3 8 1 5 . 9 4 
O.Z 5 . 3 8 + 0 . 1 6 1 . 2 8 + 0 . 0 8 6 . 6 6 + 0 . 2 4 3 5 . 6 5 
0 . 5 . 4 . 3 5 + 0 . 1 4 1 . 0 4 + 0 . 0 4 5 . 3 9 + 0 . 1 8 4 7 . 9 2 
O.'^ 3 . 2 8 + 0 . 9 5 1 . 0 0 + 0 . 2 7 4 . 2 8 + 1 . 2 2 6 8 . 3 0 
S. Black Control 7.80+0.13 2.24+0.12 10.00+0.25 
0 . 1 0 . 4 4 + 0 . 0 6 2 . 2 0 + 0 . 0 8 8 . 6 4 + 0 . 1 4 1 3 . 6 8 
O.Z 4 . 3 4 + 0 . 1 1 1 . 6 3 + 0 . 0 2 5 . 9 7 + 0 . 1 3 4 0 . 3 5 
0 . 3 3 . 3 5 + 0 . 1 4 1 . 0 4 + 0 . 0 4 4 . 3 9 + 0 . 1 8 5 6 . 1 4 
0 . 4 - 3 . 0 1 + 1 . 0 8 0 . 8 8 + 0 . 2 3 2 . 8 8 + 1 . 3 1 7 1 . 2 2 
Table 10. Height of seedlings raised from MMS treated seeds in M-j^  
generation. 
Variety 
NRH 
M 
It 
II 
11 
Jwala 
n 
II 
II 
M 
S. Black 
II 
II 
II 
II 
Treatment 
{%) 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Shoot 
Mean+S.E. 
6.58+0.11 
5.25+0.08 
4.03+0.11 
3.93+0.08 
2.00+0.73 
8.00+0.11 
6.20+0.13 
6.00+0.08 
5.41+0.16 
3.28+0.95 
7.80+0.13 
6.42+0.09 
5.0 0+0.10 
3.2 4+0.10 
2.40+0.16 
Length in 
Root 
Mean+S.E. 
2.25+0.14 
2.12+0.09 
2.02+0.05 
1.08+0.05 
1.00+0.01 
2.35+0.13 
2.30+0.21 
1.19+0.09 
1.11+0.04 
1.08+0.05 
2.21+0.12 
2.08+0.03 
1.03+0.06 
1.00+0.27 
0.60+0.27 
cm 
Total 
Mean+S.E. 
8.83+0.25 
7.37+0.17 
6.05+0.16 
5.01+0.13 
3.00+0.74 
10.35+^.24 
8.5 +0.34 
7.19+0.17 
6.52+0.2 
4.36+1.0 0 
10.01+0.25 
8.50+0.12 
6.0 3+0.16 
4.24+0.37 
3.00+1.4 3 
Percentage 
injury 
-
16.53 
31.48 
54.58 
56.02 
-
17.87 
30.53 
37.00 
57.87 
-
15.08 
39.76 
57.64 
"0.02 
Table 11. Height of seedlings raised from SA treated seeds in 
M-, generation. 
Variety 
NRH 
Jwala 
Black 
T r e a t m e n t 
(%) 
C o n t r o l 
0 . 0 1 
0 . 0 2 
0 . 0 3 
0 . 0 4 
C o n t r o l 
0 . 0 1 
0 . 0 2 
0 . 0 3 
0 . 0 4 
C o n t r o l 
0 . 0 1 
0 . 0 2 
0 . 0 3 
0 . 0 4 
S h o o t 
M e a n + S . E . 
6 . 5 8 + 0 . 1 1 
5 . 1 1 + 0 . 3 3 
4 . 4 0 + 0 . 1 2 
3 . 5 9 + 0 . 2 5 
2 . 4 0 + 0 . 7 3 
8 . 0 0 + 0 . 1 1 
6 . 2 3 + 0 . 4 5 
5 . 4 0 + 0 . 1 5 
4 . 4 2 + 0 . 1 6 
3 . 0 0 + 0 . 7 3 
7 . 8 0 + 0 . 1 3 
6 . 5 0 + 0 . 4 7 
5 . 2 5 + 0 . 1 2 
4 . 1 9 + 0 . 2 0 
3 . 0 0 + 0 . 1 9 
u e i i y Lii x i i 
R o o t 
Mean j fS .E . 
2 . 2 5 + 0 . 1 4 
1 . 6 9 + 0 . 1 5 
1 . 4 1 + 0 . 1 1 
0 . 7 5 + 0 . 0 8 
0 . 5 5 + 0 . 0 5 
2 . 3 5 + 0 . 1 3 
2 . 2 0 + 0 . 1 7 
1 . 5 0 + 0 . 1 3 
1 . 0 0 + 0 . 1 7 
1 .0 0 + 0 . 0 8 
2 . 2 1 + 0 . 1 2 
1 . 6 5 + 0 . 2 2 
1 . 4 0 + 0 . 1 5 
0 . 6 1 + 0 . 0 9 
0 . 1 5 + 0 . 0 7 
IJUl 
T o t a l 
Mean4^S.E. 
8 . 8 3 + 0 . 2 5 
6 . 8 + 0 . 4 8 
5 . 8 1 + 0 . 2 3 
4 . 3 4 + 0 . 3 3 
2 . 9 5 + 0 . 7 8 
1 0 . 3 5 + 0 . 2 4 
8 . 4 3 + 0 . 6 2 
6 . 9 + 0 - 2 8 
5 . 4 2 + 0 . 3 3 
4 . 0 0 + 0 . 8 1 
0 . 0 1 + 0 . 2 5 
8 . 1 5 + 0 . 6 9 
6 . 6 5 + 0 . 2 7 
4 . 8 + 0 . 2 9 
3 . 1 5 + 0 . 2 6 
P e r c e n t a g e 
i n j u r y 
-
2 2 . 9 8 
3 4 . 2 0 
5 0 . 8 4 
6 6 . 5 9 
-
1 8 . 5 5 
3 3 . 3 3 
4 7 . 6 3 
6 1 . 3 5 
-
1 8 . 5 8 
3 3 . 5 6 
5 2 . 0 4 
6 8 . 5 3 
Cont. 0.2 0.3 
CONCENTRATION OF EMS(%) 
0.4 
NRH JWALA - ^ S.BLACK 
Fig. 10 SEEDLING INJURY IN M1 GENERATION 
CAUSED BY EMS IN DIFFERENT VARIETIES OF 
Capfllcum annuum L. 
CONTROL 0.01 0.02 0.03 
CONCENTRATION OF MMS(%) 
0.04 
NRH JWALA •^^ S.BLACK 
FIG. 11:SEEDLING INJURY IN M1 GENERATION 
CAUSED BY MMS IN DIFFERENT VARIETIES OF 
Cflpalcum annuum L. 
80 
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FIG. 12:SEEDLiNG INJURY IN M1 GENERATION 
CAUSED BY SA IN DIFFERENT VARIETIES OF 
Capsicum annuum >>, 
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leaves were normal with the opposite cotyledonary 
leaves. Various abnormalities were observed in 
cotyledonary and first pair of vegetative and subsequent 
leaves. 
4.1.3.1 Cotyledonary leaves 
The frequency and spectrum of different 
cotyledonary abnormalities recorded in M, generation are 
given in Table 12. The characteristic anomalies of the 
cotyledonary leaves are given below: 
Type-1. Seedlings with rudimentary cotyledonary leaves. 
Type-2. Seedlings with notched cotyledonary leaves. 
Type-3. Seedlings with three cotyledonary leaves. 
These abnormalities were mainly recorded in the 
populations of all the varieties treated only with EMS 
or MMS (Plate 1 Fig. 1-9). The frequency in different 
varieties was found to increase with concentration of 
mutagens. However, the varieties showed differences in 
magnitude of the frequency even at similar concentra-
tions of the mutagens. 
Types 1 and 2 were not recorded in 0.1% EMS, 
0.01% MMS 0.02% MMS in all the three varieties except 
with 0.2% EMS in the variety Jwala. Type 3 was recorded 
in the three varieties only with 0.4% EMS. In the EMS 
treated population, the pooled frequency ranged fron 
Table 12. Frequency of different types of cotyledonary 
abnormalities in M-, generation. 
Treatment Type 
Control 
0.1 EMS 
0.2 EMS 
0.3 EMS 
0.4 EMS 
0.01 MMS 
0.02 MMS 
0.03 MMS 
0.04 MMS 
0.01 SA 
0.02 SA 
0.03 SA 
0.04 SA 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Cotyledonary abnormalities (% 
(^ ) Var. Jv/ala Var. NRH Var. S.Black 
7.57 
3.03 
9.67 
4.83 
3.22 
11.47 
6.55 
4.91 
-
— 
8.06 
3.22 
1.61 
5.26 
3.50 
1.75 
8.69 
5.79 
4.34 
6.66 
3.33 
1.66 
7.46 
4.47 
-
5.00 
3.33 
1.66 
5.9" 
4.47 
5.00 
5.0C 
3.33 
5.4C 
4.05 
2.8? 
1.44 
Type 1: Seedlings v/ith rudimentary cotyledonary leaf 
Type 2: Seedlings with notched cotyledonary leaf. 
Type 3: Seedlings with three cotyledonary leaves. 
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23.4 in the var. NRH, to 51.25 in the var. Jwala While 
in the MMS treated population, it was 13.78 in the var. 
S. Black and 30.47 in the var. Jwala. All these abnormal 
seedlings except type 1 were normal plant in flowering 
and fruit setting. 
No such anomaly in cotyledons was recorded for 
SA treatments. The cotyledons were as normal as those of 
control. 
4.1.3.2 Leaf morphology 
Various kinds of leaf abnormalities such as 
damage in shape, size and number (Uni-, tri—, tri, and 
tetra-lobed) were observed in treated plants (Plate - 2, 
Fig. 1-6). However, the frequency of these abnormalities 
was greater at higher concentrations of the mutagens in 
all the varieties (Table 13). It was highest in the var. 
Jwala followed by NRH and S. Black. Sodium azide (SA) 
treatments did not induce leaf abnormality in any 
variety. 
4-1.4 Plant survival 
Data on plant survival in M, generation recorded 
on 30th day after sowing are given in Tables 6-3. 
Percentage of plant survival was noted to decreases 
gradually in all the treatments of the mutagens. 
Table 13. Frequency of leaf abnormalities in M, generation. 
Leaf abnormalities (%) in 
Treatment 
(y) Var. Jv/ala Var . NRH Var. S. 3lack 
Cont ro l - -
0.1 EMS 6.09 4.54 3.15 
0.2 EMS 9.09 8.45 6.32 
0.3 EMS 14.51 11.29 10.44 
0.4 EMS 19.67 14.03 13.33 
0.01 MMS - -
0.02 MMS 7.24 
0.03 MMS 9.37 2.98 4.C5 
0.04 MMS 11.67 6.66 4.54 
0.01 SA 
0.02 SA - -
'0.03 SA - -
0.04 SA - -
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However, it was dose independent. All the three 
varieties responded more or less identically (Fig. 7-9). 
4.1.5 Pollen fertility: 
Pollen character is one of the important, stable 
and genetically controlled character which may be 
considered for preparing an index to assess the effect 
of any internal or external change in plants. 
Althugh around 9-10% pollen sterility was 
observed in control plant but pollen fertility was dose 
dependent as evident from a proportionate decrease with 
increasing concentrations of the mutagens in all the 
three varieties (Tables 14-16). In this case, the 
highest percentage of reduction was recorded in EMS 
followed by uns and SA. The fertility was lowest 
(78.00%, 77.19%, 73.00% at 0.4% EMS in NRH, Jwala and 
S.Black varieties, respectively- It ranged from 89.28 to 
78.25% in the var. NRH, 87.80 to 78.27% in the var. 
Jwala and 87.80 to 71.25% in the var. S. Black. 
Reduction in pollen fertility was maximum in the var. S. 
Black and minimum in the variety NRH (Figs. 13-15). 
4.1.6 Meiotic studies in M generation: 
To estimate the potency of mutagens and the 
mutation response of a genotype, the chromosomal 
Table 14. Effect of Mr4S on pollen fertility in M generation. 
Variety 
(%) 
n fertility 
(%) 
89.28+0.83 
87.25+0.15 
86.17+0.19 
80.53+0.23 
78.25+0.18 
87.80+1.24 
86.29+0.35 
83.76+0.28 
82.50+1.27 
78.27+1.02 
87.80+0.47 
82.74+0.25 
79.04+0.27 
78.00+1.25 
71.25+0.39 
Percentage 
reduction 
-
2.27 
3.48 
9.80 
12.35 
-
3.86 
6.65 
8.05 
12.77 
-
5.76 
9.97 
11.16 
18.84 
NRP 
II 
II 
II 
II 
JWc 
II 
II 
II 
•1 
S. 
II 
II 
II 
II 
i 
ila 
Black 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Table 15. Effect of EMS on pollen fertility in M generation, 
Va 
\m 
M 
II 
II 
II 
•\7c 
11 
II 
II 
II 
* • 
I t 
If 
II 
II 
i r i e 
I 
i l a 
i t y 
Black 
T r e a t m e n t 
(%) 
C o n t r o l 
0 . 1 . 
0.2L 
0 . 5 
0.4 
C o n t r o l 
O.t 
O . i 
0 . 5 
0.4 
C o n t r o l 
0.1 
0 .2 . 
0 . 3 
0.4 
Pollen fertility Percentage 
(%) reduction 
8 9 . 2 8 + 0 . 8 3 
8 6 . 5 5 + 0 . 5 5 
8 5 . 5 7 + 0 . 6 5 
7 9 . 7 7 + 0 . 2 2 
7 8 . 0 0 + 0 . 1 5 
8 9 . 7 3 + 1 . 2 4 
8 5 . 0 7 + 0 . 8 2 
8 2 . 4 1 + 2 . 0 5 
8 0 . 5 1 + 0 . 8 8 
7 7 . 1 9 + 0 . 8 9 
8 7 . 8 0 + 0 . 4 7 
8 2 . 6 3 + 0 . 6 6 
7 9 . 1 5 + 1 . 3 9 
7 6 . 0 1 + 0 . 6 4 
7 3 . 0 0 + 0 . 9 8 
-
3.05 
4 .15 
10 .65 
1 4 . 8 7 
-
5.19 
8.15 
10 .27 
13.97 
-
5.88 
9.85 
13 .42 
16 .85 
Table 16. Effect of SA on pollen fertility in M generati on, 
Variety 
NRH 
II 
II 
II 
11 
Jv/ala 
II 
11 
II 
II 
S. Black 
II 
II 
II 
11 
Treatment 
(%) 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Pollen fertility 
(%) 
89.28+0.83 
85.57+0.17 
82.77+0.16 
80.35+0.25 
79.00+0.19 
89.73+0.47 
86.25+0.55 
84.00+0.65 
81.00+0.22 
78.28+0.11 
87.80+1.24 
85.22+1.27 
82.06+1.25 
79.73+1.27 
72.39+0.19 
Percentage 
reduction 
-
4.15 
7.29 
10.00 
11.51 
-
3.87 
6.88 
9.72 
12.76 
-
2.93 
5.39 
9.19 
17.53 
CONTROL 0.1 0.2 0.3 
CONCENTRATION OF EMS (%) 
NRH JWALA - ^ S.BLACK 
FIG. 13:P0LLEN FERTILITY IN M1 
GENERATION CAUSED BY EMS IN DIFFERENT 
VARIETIES OF CHILLI ^^flaftlfiimj AOnmun L. 
CONTROL 0.01 0.02 0.03 
CONCENTRATION OF MMS (%) 
0.04 
NRH JWALA - ^ S.BLACK 
FIG. 14:POLLEN FERTILITY IN M1 
GENERATION CAUSED BY MMS IN DIFFERENT 
VARIETIES OFCHriLi Capalcum annuum L. 
CONTROL 0.01 0.02 0.03 
CONCENTRATION OF SA(%) 
0.04 
NRH JW^LA -* - S.BLACK 
FIG. 15:P0LLEN FERTILITY IN M1 
GENERATION CAUSED BY 8A IN DIFFERENT 
VARIETIES OF HHILLI CflPttlcum annfiqrg L, 
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behaviour with respect to meiosis is considered to be 
one of the most reliable indices. Induction of 
structural rearrangements is one of the important way of 
achieving new recombinations which are rarely obtained 
by the conventional methods- Moreover, the relative 
mutagen sensitivity is estimated through the degree of 
injury manifested by different mutagens in the immediate 
generation. 
The present investigation deals with the study 
on the types of chromosome associations, frequency and 
type of other chromosoaml abnormalities in different 
treatments. A comparative study among different 
concentrations of a mutagen as well as among different 
mutagens (i.e. EMS, MMS, SA) was also carried out. The 
observations were mainly confined to diakinesis, 
metaphase and anaphase I stages. The parameters of 
meiotic studies recorded were chiasma frequency, ring and 
rod bivalents, univalents, laggards, bridges, fragments, 
stickiness and precocious separation etc. 
Chilli (Capsicum annuum L.) has twelve bivalents 
(2n = 24), a family character of most of the solanacecus 
plants, Metaphase I showed normal behaviour with the 
regular separation of 12 chromosomes -rewards either pcle 
at anaphase I. 
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Telophase I was also normal in control. The 
abnormalities in chromosome structure and behaviour, 
whatsoever, observed in control, were natural and the 
frequency was almost negligible. The treated plants 
exhibited variable frequencies of abnormalities. 
4.1.6.1 Abnormalities of Diakinesis: 
(i) Chiasma frequency 
Chiasma frequency is a constant and genetically 
controlled character which does not vary much unless the 
plants are subjected to any change by mutagen or 
environment. The chiasma frequency in control plants was 
21.53 per cell. It decreased from 21.53 (control) to 
12.60 per cell in 0.4% EMS. The decrease in frequency 
was significant at 1% level in 0.1-0.4% EMS (Table 17). 
The chiasmata frequency per bivalent in control, 0.1, 
0.2, 0.3 and 0.4% EMS was 1.79, 1.56, 1.33, 1.16 and 
1.05 respectively (Table 17). The control plants showed 
mostly ring bivalenttat diakinesis, but the frequency of 
rod bivalents increased with the increase in the 
concentration of EMS. 
In MMS and SA, the per cell chiasma frequency 
decreased more or less linearly with increasing 
concentrations. The frequency of chiasma per cell 
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decreased from 21.53 (control) to 18.00 per cell in 
0.04% MMS, 14.80 per cell in 0.04% SA (Table 18, 19). 
In MMS the decrease in chiasma frequency was 
insignificant (20.73) per cell upto 0.02% while in 0.03 
and 0.04% it decreased from 19.17 to 18.00 per cell 
which was significant at 5% and 1% level respectively 
(Table 18) . The frequency of chiasma per bivalent 
exhibited the results accordingly. In SA, the frequency 
decreased from 19.33 to 14.80 per cell in 0.01-0.04% SA, 
which was significant at 1% level even in 0.01% SA. 
The lowest frequency of chiasma (12.60 per cent) 
was observed in 0.4% EMS, the highest concentration of 
mutagen and its highest frequency (18.00 per cell) was 
recorded in 0.04% MMS. 
Decrease in the frequency of chiasma was 
observed in treated plants which was due to the 
reduction in the frequency of rings and the increase in 
rod bivalents and univalents. The maximum number of 
rings (12 to 10) was observed in control. In rare cases 
they were below 11. In MMS and EMS treated plants, the 
number of ring bivalents decreased to 6 (Plate 5, 
Fig. 1). In some cells instead of ring bivalents only 
rod bivalents were observed, particularly in EMS 
treatments. 
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(ii) Univalents 
The univalents were studied at diakinesis and 
metaphase I stages. The frequency of univalents in 
control was nil (0.00), where as it varied from 1-7 or 
even more in treated plants. In EMS, they were not 
observed upto 0.1%. The per cell frequency increased 
from 0.07-1.17 in 0.2-0.4% EMS (Table 17). This increase 
in the frequency was significant at 5.0% level in 0.3% 
EMS and 1.0% level in 0.4% EMS. Unlikely the coefficient 
of variation decreased from 557.14 to 195.72% in 0.2 to 
0.4% EMS, which revealed that the distribution of 
univalents was more homogeneous in higher concentrations 
as compared to lower. 
In MMS, the univalents (0.13 per cell) were 
observed even in 0.02% MMS and increased to 0.60 per 
cell in 0.04% MMS. The occurrence of 0.58 and 0.62 
univalents per cell observed in 0.03 and 0.04% MMS was 
significant at 5.0% level. 
In SA, univalents could not be observed in 0.01% 
concentrations. The frequency was 0.26 per cell in 0.02% 
SA and increased to 0.35 per cell in 0.03% SA 
(significant at 5%) and 0.46 per cell in 0.04% SA 
(significant at 1% level) (Table 19). 
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4.1.6.2 Abnormalities at Metaphase I: 
Generally, the abnormalities were studied at 
metaphase I along with diakinesis and anaphase I. The 
parameters for metaphase studies were the frequency of 
ring and rod bivalents, chiasma frequency, univalents, 
precocious separation and stickiness etc. 
(i) Frequency of ring bivalents: 
In EMS treated plants, the frequency of ring 
bivalents increased from 0.03 per cell (control) to 0.47 
per cell in 0.4% EMS which was significant at 1% level 
(Table 17). In MMS the increase was more significant as 
it increased from 0.03 (control) to 0.69 and 0,73 per 
cell in 0.03 and 0.04% MMS respectively (significant at 
1% level) (Table 18). In sodium azide the frequency 
increased to 0.35 and 0.38 per cell in 0.03 and 0.04% 
SA, respectively and was significant at 1% level 
(Table 19). Besides, the per cell frequency of ring 
bivalent (mean) ranged from 0 (control) to 1-6 (Plate 3, 
Fig. 2). 
(ii) Frequency of rod bivalents: 
The average frequency of rod bivalents in 
control was 11.93 (maximum) per cell and it ranged from 
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12 in most of the normal plants to 11, 10, 8, 7, 6 5, 
4, 3, or even lesser due to the formation of ring 
bivalents, univalents and multivalents in different 
treatments. 
The per cell frequency of rod bivalents 
decreased from 11.93 (control) to 11.33 in 0.4% EMS 
(significant at 1% level) (Table 17). 
in MMS, it showed significant decrease from 
11.80 to 11.47 per cell in 0.01-0.04% concentrations 
respectively (Table 18). However, the decrease in the 
frequency was significant at 5% level only in 0.03 and 
0.04% MMS. In sodium azide the frequency decreased 
gradually from 11.87 to 11.00 in 0.01-0.04% 
concentrations respectively (Table 19). However, the 
decrease in the frequency was significant at 1% level in 
0.03% and 0.04% SA. 
(iii) Univalents at metaphase-I; 
The frequency of univalents at metaphase-I vas 
as good as at diakinesis. In control they were obserrec 
to be 0.07 per cell. The frequency of univalents rar.red 
from 1 to 7 and up to 13. Sometimes 24 univalents vere-
also observed in a single cell. 
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The frequency of univalents increased from 0.07 
(control) to 0.67 per cell in 0.4% EMS, 0.85 per cell in 
0.04% MMS and 0.80 per cell in 0.04% SA, (Tables 
17,18,19 and Plate 4). 
Increase in the frequency of univalents was 
significant at 5% level in 0.2% EMS, (Table 17), 0.03 MMS 
(Table 18) and 0.03% SA (Table 19). 
It was significant at 1% level in 0.3 and 0.4% 
EMS, 0,04% MMS and 0.04% SA respectively (Tables 17-19). 
The frequency of univalents increased with the 
increasing concentrations of mutagens. 
In a comparison of the frequency of univalents 
at diakinesis and metaphase I, it was observed that in 
EMS the frequency at metaphase I was lesser than at 
diakinesis whereas in MMS and SA, it..-j^ w MSAf^ /ftfciian at 
diakinesis. ^ < "^  *^ 
(iv) Precocious separation; '^v^ ^^ v^ , -^^^ 
Precocious separation of chromosomes at 
metaphase I could not be observed in control. In treated 
plants, the precociously separating chromosomes observed 
were 1,2,3,4, and some times up to 5. Besides, the 
quadrivalent, univalents were also observed to move 
earlier than the other chromosomes. Sometimes, 
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unsynchronized movement of chromosomes also resulted 
into precocious separation. 
The frequency of precocious separation of 
chromosomes increased from 0.03 to 0.23 per cell in 
0.1-0.4% EMS (Table 17). In MMS, the frequency increased 
from 0.03 to 0.25 per cell in 0.02-0.04% MMS (Table 18). 
In sodium azide, the precocious movement of chromosomes 
was not observed upto 0.02% SA. It increased from 0.13 
to 0.28 per cell in 0.03-0.04% SA (Table 19), 
The increase in the frequency of precocious 
separation of chromosomes was significant at 5% level in 
0.3% in EMS, 0.03% MMS and 0.03% SA and at 1% level in 
0.4% EMS, 0.04% MMS and 0.04% SA (Plate 4, Fig. 3) . 
(v) Stickiness of chromosomes; 
Stickiness in the chromosomes could not be 
observed in control, while it was observed in treated 
plants (Tables 17-19) (Plate 5, Fig. 4 and 6) which 
often resulted into precocious separation of 
chromosomes. 
The highest frequency of stickiness was observed 
to be 0.30 per cell in 0.04% MMS, 0.07 per cell in 0.4% 
EMS and 0.10 per cell in 0.04% SA (Tables 15,16,17). It 
was significant at 1% level in 0.04% MMS, and 0.04% SA. 
In EMS, the frequency was in significant. 
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(vi) Multivalents: 
A) Quadrivalents; 
In EMS treated plants, the frequency of 
quadrivalents was 0.03-0.07 per cell in 0.3 and 0.4% EMS 
(Table 17), The increase in the per cell frequency of 
Quadrivalents was significant at 5% level in 0.4% EMS 
(Plate 4, Fig. 6). No (Quadrivalents were observed in MMS 
and SA at metaphase-I. 
4.1.6.3 Abnormalities at Anaphase I: 
The studies on the abnormalities at anaphase I 
were mainly concerned with the frequency of laggards, 
bridges, stretching of chromatin material, unsynchronized 
movement of chromosomes, fragments, and unequal division 
of chromosomes. 
1) Laggards;- Occurrence of laggards was the common 
abnormality observed in all the mutagens and the only 
difference was in their frequencies. In control plants, 
the frequency of laggards was very low (0.03 per cell) 
and absent in most of cells. In treated plants the 
laggards ranged from 1 to 4 or some times more in the 
treated cells (Plate 3, Fig. 8). Bivalent laggards were 
also observed in some cells. Besides, disoriented 
chromosomes and the chromosomes showing tendency towards 
the formation of laggards were also observed. 
80 
The, frequency increased linearly from 0.03 
(control) to 0.30 per cell in 0.4% EMS with the 
increasing concentration of EMS (Table 17) and was 
significant at 1% level in 0.4% EMS. In MMS it increased 
to 0.20 per cell in 0.04% MMS which is significant at 5% 
level while in sodium azide it increased to 0.13 per 
cell in 0.04% concentration and was insignificant as 
compared to control. 
(ii) Bridges; 
The bridges could not be observed in control. In 
treatments single, and sometimes double bridges were 
observed. The frequency of bridges increased to 0-10 per 
cell in 0.3% EMS (Table 18). In MMS they increased 
insignificantly from 0.06-0.10 per cell in 0.02-0.03% 
concentration of MMS (Table 18). In SA, the maximum 
frequency was 0.27 per cell in 0.04% concentration of SA 
(Table 19). The increase in the frequency was 
significant at 5% level in 0.04% MMS and at 1% level in 
0.03-0.04% concentration of SA (Plate 3, Fig. 9 ), 
(ill) Unsynchronized movemeni: of chromosomes: 
In treated plants the chromosomes started 
separating at anaphase I without following any definite 
pattern. Few chromosomes were observed to separate 
earlier or lagged behind which might have resulted in 
precocious separation or disorientation of the 
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chromosomes. Unsynchronized movement of chromosomes at 
late metaphase-I or anaphase-I was observed in EMS, MMS 
and SA (Plate 3, Fig. 7). In EMS, the frequency of 
unsynchronized movement of chromosomes was 0.10 per cell 
in 0.2% EMS and increased to 0.27 per cell in 0.4% 
(Table 17). In MMS the frequency increased from 0.03 per 
cell to 0.13 per cell in 0.04% concentration (Table 18). 
In SA, the frequency was 0.04 per cell in 0.03 and 0.04% 
concentration. The frequency was significant at 5% level 
in 0.2% EMS and 0.04% MMS and insignificant in sodium 
azide (Table 19) . 
(iv) Fragments; 
The fragments were generally observed at 
diakinesis and metaphase I, but at anaphase I the 
frequency was very low. Moreover, the fragments were 
generally associated with bridges and rarely free. 
The frequency of fragments was 0.0 3 per cell in 
0.1% EMS and increased to 0.17 per cell in 0.4% EMS 
(Table 17). In MMS, it was constant at .0.03 per cell in 
0.03 and 0.04% concentration (Table 18). In SA, it 
increased from 0.03 to 0.08 per cell in 0.03-0.04% 
concentration. 
The frequency was significant at 5% level in 
0.3% EMS and 0.04% SA. While the frequency was 
82 
insignificant in MMS treatment. The frequency was 
significant at 1.0% level only in 0.4% EMS. 
{v) Unequal division of chromosomes; 
Unequal division of chromosomes did not occur in 
control. In treatments it exhibited different 
distribution patterns like 10+13 with one laggard, 8+12 
with four laggards. The occurence of unequal separation 
of chromosomes was common in all the mutagens with the 
difference in their frequencies only. The frequency of 
unequal division increased from 0.07 per cell in 0.3% 
EMS to 0.13 per cell in 0.4% EMS (Table 17). In MMS, it 
increased from 0.10 to 0.13 per cell in 0.03 and 0.04% 
MMS. Similarly in sodium azide the frequency increased 
from 0.07-0.10 per cell in 0.03 and 0.04% concentration 
of SA. Increase in the frequency of unequal division was 
significant at 5% level in 0.4% EMS, and 0.03% MMS. 
4.1.6.4 Abnormalities at Telophase I: 
In treatments the frequency of abnormalities at 
telophase I was very low as compared to diakinesis, 
metaphase I and anaphase I. The main abnormalities were 
laggards and bridges. 
(i) Laggards: 
There were no laggards in control. In EMS, the 
frequency was 0.17 per cell only in 0.4% concentration 
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while its frequency ranged from 0.03-0.07 per cell in 
0.3 and 0.04% MMS (Plate 5, Fig. 7) and 0.02-0.07 per 
cell in 0.03-0.04% SA. The frequency was insignificant 
in MMS treatment. 
4.1.6.5 Abnormalities at second meiotic st:ages: 
Some of the abnormalities encountered at 
telophase II were: irregular separation of chromosomes, 
occurrence of laggards and formation of some 3 and 5 
groups of chromosomes and some micronuclei in higher 
concentrations of mutagen (Plates 4,5, Fig. 9). 
4.1.7 Effects of mutagenic treatments on quantitative 
Characters: 
The data on the effect of various treatments 
with EMS, MMS and SA are given in Tables 20-25. 
Statistical analysis was done to find out mean, standard 
error and coefficient of variation for seven 
quantitative chracters in all the three varieties. 
It is generally believed that after mutagenic 
treatments, no change is caused in the mean and variance 
in M, generation. In the present study also, means for 
all the quantitative traits remained practically 
unchanged, in all the varieties. 
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Coefficient of variation (CV) was the highest in 
all EMS treated populations followed by MMS and SA. 
Though increase in CV of the treated material was of low 
magnitude, yet it differed conspicuously from character 
to character. The highest increase in CV over the 
control was recorded for fertile branches per plant 
(26.07%). 
4.2 Studies in Mj generation 
4.2.1 Seed germination: 
The germination percentage in control populations 
of M2 generation was approximately equal to that of M, 
(Tables 26-28). The percentage of germination also 
decreased in M_ generation. In the var. Twala, the 
percentage of germination recorded 86.00 in control, 
58.00 in 0.4% EMS, 60% in 0.04% MMS, and 56.00% in 0.04% 
SA. In other two varieties, the trend was more or less 
similar to the variety Jwala. 
Although the inhibition percentage increased 
with the increasing concentrations of the mutagens, the 
increase was not higher than in M, generation, showing 
that the effect of the mutagens has ceased to some 
extent in M-. 
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Table 26. Effect of EMS on seed germination and survival in M, 
generation. 
Variety 
NRH 
II 
II 
II 
II 
Tuala 
II 
II 
•1 
II 
S.Black 
•1 
II 
11 
II 
Treatment 
(%) 
Control 
0.1 
0.2 
0.3 
0.4 
Control 
0.1 
0.2 
0.3 
0.4 
Control 
0.1 
0.2 
0.3 
0.4 
Seed germina-
tion (%) 
94.00 
80.00 
76.00 
68.00 
60.00 
86.00 
80.00 
70.00 
65.00 
58.00 
88.00 
80.00 
74.00 
70.00 
60.00 
Percentage 
inhibition 
-
14.89 
19.14 
27.65 
36.17 
-
6.97 
18.60 
25.58 
32.55 
-
9.09 
15.90 
20.45 
31.81 
Survival 
(%) 
95.74 
87.5 
84.21 
73.52 
72.66 
93.02 
72.6 
60.00 
59.37 
55.17 
90.90 
85.00 
75.67 
60.00 
56.66 
Table 27: Effect of MP1S on seed germination and survival in M-
generation. 
Variety 
NRH 
II 
II 
II 
II 
Jwala 
II 
II 
II 
II 
S.Black 
II 
II 
II 
II 
Treatment 
(%) 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Seed germina-
tion (%) 
94.00 
81.00 
79.00 
78.00 
62.00 
86.00 
82.00 
76.00 
72.00 
60.00 
88.00 
82.00 
72.00 
69.00 
65.00 
Percentage 
inhibition 
-
13.82 
15.95 
17.02 
34.04 
-
4.65 
17.02 
16.27 
30.23 
-
9.09 
15.90 
20.45 
26.13 
Survival 
(%) 
95.74 
87.5 
84.21 
73.52 
72.66 
93.02 
87.80 
86.84 
84.94 
75.00 
90.90 
85.36 
84.21 
78.33 
67.06 
Table 28. Effect of SA on seed germination and survival in M-
gene ration. 
Variety 
NRH 
II 
II 
II 
II 
Jwala 
II 
II 
II 
II 
S.Black 
II 
II 
II 
II 
Treatment 
(%) 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Seed germina 
tion (%) 
94.00 
78.00 
74.00 
64.00 
58.00 
86.00 
78.00 
68.00 
60.00 
56.00 
88.00 
76.00 
72.00 
68.00 
58.00 
Percentage Survival 
inhibition (%) 
— 
17.02 
21.27 
31.91 
38.29 
-
9.30 
20.93 
30.23 
34.88 
-
73.63 
18.18 
22.72 
34.09 
95.74 
84.61 
81.08 
73.43 
69.31 
93.02 
76.92 
69.11 
66.66 
64.28 
90.90 
81.57 
72.22 
58.82 
56.89 
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4.2.2 Chlorophyll mutations: 
Chlorophyll mutations were recorded in the field 
in M_ generation when seedlings were 7 to 15 days old. 
The spectrum of different M chlorophyll mutants 
included; albina, xantha, chlorina, maculata, viridis 
and striata in all the three varieties of chilli after 
treatment with different chemical mutagens. It was 
observed that in many cases the seedlings which 
initially looked to be normal started showing different 
types of chlorophyll defects at the later stages of 
growth. All these chlorophyll deficient mutants were 
lethal except maculata, viridis and striata which 
produced few seed. A brief description of the different 
chlorophyll mutants given below: 
Albina; It is a lethal mutation characterised by 
entirely white leaves of seedlings. The seedlings 
survived for about 8-10 days after germination. 
Xantha: Leaves were yellow in colour, seedlings showed 
normal growth in beginning and survived for 8 to 12 days 
only. 
Chlorina; The first pair of leaves in seedlings was 
light green in colour. The emerging leaves were also 
light green. These became darker, with the approach of 
maturity, but never regained the normal green colour. 
86 
Most of these seedlings died with in 15 days. However, 
few plants possessed vigour and were late in flowering 
and maturity. 
Maculata: Seedlings showed yellow or whitish dots on 
leaves. The leaves were initially very small. These 
mutants survived till maturity and produced few seeds. 
Viridis: Leaf size was reduced but leaf shape remained 
unaltered. The plants were slow growing and had a 
reduced size and low seed yield. The mutant was 
distinguished because of its reduced height, and 
viridine green colour of leaves. 
Striata: Initially these plants were slow growing and 
less vigorous, but gradually regained normal growth and 
at maturity were as vigorous as normal plants. The 
leaves were white or light yellow in colour, with 
patches of yellow green or green colour that appeared 
gradually. In most cases, the yellowish or light green 
areas completely disappeared and the normal colour was 
regained. Plants were fertile and set seeds. 
4.2.2.1 Frequency cind spectrum of chlorophyll mutations 
The frequency and spectrum of various types of 
chlorophyll mutations observed in M population are 
summarised in Tables 29-31. The chlorophyll-mutation 
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frequency was calculated on progeny basis as well as on 
plant basis. The trend of the mutation frequency was 
similar in both the methods. Therefore, results are 
dealt with on an M- plant basis. Although response to 
chemical mutagens in different varieties differed in 
relation to frequency of chlorophyll mutations, var. 
S. Black appeared to produce more chlorophyll mutants 
than the other two varieties. The frequency of chlorina 
mutants was the highest, followed by those of xantha, 
and viridis. It is clear from the Tables that frequency 
of chlorophyll mutations is dose dependent and increases 
with concentrations of the mutagens. A persual of the 
Tables revealed that EMS - induced the highest frequency 
of chlorophyll mutations and was followed by MMS and SA 
in all the three varieties. 
4.2.2.2 Mutagenic effectiveness and efficiency: 
The mutagenic effectiveness as measured by the 
percentage of chlorophyll mutations divided by the dose 
of the mutagen was as high as 333.33 with 0.01% MMS in 
var. NRH (Table 32), while the highest effectiveness of 
EMS and SA treatments was 46.66 and 200,00, 
respectively, in the var. NRH. The effectiveness 
decreased with the increase in concentration of mutagen 
in all the cases. The different varieties responded 
88 
differently. The order of mutagens based upon 
effectiveness was MMS, SA and EMS (Tables 32-34). 
The mutagenic efficiency of a treatment 
indicates the extent of genetic damage recorded in M_ in 
relation to the biological damage caused to the M, 
generation. The mutagenic efficiency varied depending on 
the criteria selected for its estimation. In the present 
study, the mutagenic efficiency, worked out on the basis 
of seedling injury (M /I) and pollen sterility (M /S), 
showed a decline with increasing concentrations in all 
the treatments (Table 32-34). 
The mutagenic efficiency as calculated by the 
relation (M /I), gave, 0.99, 0.67, 0.38 values for EMS, 
P 
MMS and SA, respectively in the var. NRH whereas in the 
varieties Jwala and S.Black the efficiency values were 
0.85, 0.66, 0.31 and 0.83, 0.71, 0.30, respectively. In 
general, the efficiency of mutagens in a decending order 
was: EMS > MMS > SA (Table 35). 
The mutagenic efficiency, as measured by the 
percentage of mutated progenies divided by sterility 
(M / S ) , was the highest in EMS treated populations and 
the lowest in SA (Table 35). The efficiency calculated 
on the basis of sterility was generally higher as 
compared to seedling injury. 
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On the basis of seedling injury and sterility, 
the EMS was found to be more efficient and SA was less 
efficient in the three varieties in question. 
4.2.3 Plant survival: 
Data on plant survival in M- generation was 
recorded at maturity (Tables 26-28). Survival percentage 
of M^ plants decreased considerably in the mutagenic 
treatments of all the varieties. However, no particular 
trend was noticed for the per cent plant survival. 
4.2.4 Pollen fertility: 
The pollen fertility in M_ generation decreased 
with the increasing mutagens concentrations and 
consequently the sterility increased (Tables 36-38). 
Compared to control, reduction in pollen 
fertility in the treated population was higher. But it 
was quite less than in M, generation because in M_ 
generation the pollen fertility showed a recovery. 
4.2.5 Morphological mutations: 
The control as well as the mutagenized 
populations were screened for all phenotypically 
detectable mutations at different stages of growth in M_ 
generation. A wide range of morphological mutations were 
Table 36. Effect of EMS on pollen fertility in M- generation 
Variety 
NRH 
If 
It 
II 
M 
Jwala 
II 
If 
It 
11 
S.Black 
11 
II 
II 
II 
Treatment 
(%) 
Control 
0. 1 
0. 2 
0. 3 
0. 4 
Control 
0. 1 
0. 2 
0. 3 
0. 4 
Control 
0. 1 
0. 2 
0. 3 
0. 4 
Pollen fertility 
(%) 
87.95+0.69 
84.95+0.87 
81.00+2.65 
79.76+2.98 
78.25+2.66 
89.69+0.31 
85.21+3.21 
82.95+2.10 
80.87+0.53 
77.37+0.84 
89.14+0.65 
85.05+1.43 
83.66+1.79 
82.75+1.65 
78.55+2.48 
Percentage 
reduction 
— 
3.41 
7.90 
9.31 
11.02 
-
4.99 
7.51 
9.83 
13.73 
-
4.58 
6.14 
7.16 
11.88 
Table 37. Effect of MMS on pollen fertility in M^ generati on, 
Variety 
NRH 
II 
',1 
II 
(I 
Jwala 
II 
II 
II 
II 
S. Black 
II 
II 
II 
II 
Treatment 
(%) 
Control 
0.01 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0. 03 
0. 04 
Control 
0. 01 
0. 02 
0. 03 
0. 04 
Pollen fertility 
(%) 
87.96+0.69 
84.95+0.87 
81.00+2.65 
79.76+2.98 
78.25+2.66 
89.69+0.31 
86.76+0.90 
83.48+1.15 
82.71+3.43 
78.17+0.65 
89.14+0.65 
86.45+9.12 
84.38+1.16 
82.73+0.67 
79.05+1.92 
Percentage 
reduction 
-
3.41 
7.90 
9.31 
11.02 
-
3.26 
6.92 
7.78 
12.84 
-
3.01 
5.33 
7.19 
11.31 
Table 38. Effect of SA on pollen fertility in M_ generation. 
Variety 
NRH 
It 
II 
II 
II 
Jwala 
11 
II 
II 
II 
S.Black 
II 
II 
II 
11 
Treatment 
(%) 
Control 
0.01 
0.0 2 
0.03 
0.04 
Control 
0.01. 
0.02 
0.03 
0.04 
Control 
0.01 
0.02 
0.03 
0.04 
Pollen fertility 
(%) 
87.95+0.69 
85.26+3.92 
82.82+1.62 
80.43+1.41 
79.38+1.00 
89.69+0.31 
87.81+0.93 
86.00+1.53 
83.37+0.87 
80.60+1.96 
89.14+0.65 
87.38+0.57 
86.57+1.78 
83.82+1.91 
80.78+1.76 
Percentage 
reduction 
-
3.05 
5.83 
8.55 
9.74 
-
2.09 
5.22 
7.04 
10.13 
-
1.97 
4.06 
5.96 
9.37 
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identified in M population. The extended variability 
v;as assessed in terms of mutation frequency (Table 39, 
Plate 6, Fig. 1-3). These mutations were classified on 
the basis of the trait affected. A brief description of 
the morphological mutants identified is given below: 
Table 39. Frequency of different mutants in M_ 
generation. 
S.No. Mutant 
1. Tall 
2. Dwarf 
3. Bushy 
4. Prostrate 
5. Late flowering 
6. Early maturing 
7. High yielding 
8. Increased number of fertile 
branches/plant 
9. Increased number of fruits/plant 
10. Non flowering vegetative mutants 
11. Shattering fruit mutants 
(i) Mutations affecting plant height (Cm): 
(a) Tall mutants; These mutants were observed with all 
the treatments and in all the varieties. Their frequency 
Fre( 
1 
1 
1 
0, 
0 
0 
0, 
0, 
1, 
0. 
0, 
juency 
( % ) 
. 2 1 
. 0 3 
. 0 2 
. 9 2 
. 97 
. 99 
.99 
. 99 
.15 
. 4 1 
. 4 1 
91 
was more at lower concentrations and decreased with the 
increasing concentration. The mutants was considerably 
taller than the control plants, their mean height being 
53.53 cm whereas it was 45.18 cm for the control plants. 
The fruits and seeds setting was low and seeds were 
smaller in size. They appeared at a frequency of 1.21% of 
the total morphological mutations. 
(b) Dwarf mutants; These mutants were isolated from the 
higher concentrations of the mutagens used in all the 
varieties. Such plants had short internodes and almost 
all yield components were reduced. The mean height of the 
control was 45.18 cm whereas it was 38.05 cm in the dwarf 
mutants. Their frequency was 1.03% of the total 
morphological mutations. 
(ii) Mutations affecting growth habit: 
(a) Bushy mutants: Branching was very profuse in this 
case.. Branches were short and the plant height was 
extremely reduced giving it a bush -like appearance. The 
mean height of the mutant was 29.05 cm. Their occurrence 
was independent of dose and they occurred more frequently 
in the var. NRH. Frequency of these mutations was 1.02% 
of the total morphological mutations. 
(b) Prostrating mutants: These plants had a tendency of 
lying close to the ground at least for some distance and 
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then rising up. The plants had sparse branches and a 
reduced vigour was noticed with EMS, MMS and SA 
treatments. The flowering was delayed by more than three 
days but the yield remained unaffected. They appeared at 
a frequency of 0.92% of the total morphological 
mutations. 
(iii) Mutation affecting growth period: 
(a) Late flowering mutants; In these plants*the flowering 
started 8-10 days late and growth period was extended by 
a similar number of days. These mutants were 0.97% of the 
total morphological mutations. 
(b) Early maturing mutants: Early maturing mutants were 
recorded in all the treatments and in all the varieties 
studied. However, their frequency was more in EMS 
treatment. These mutants matured 9-12 days a head of 
their respective controls. Frequency of such mutations 
was 0.99% of the total morphological mutations. 
(iv) Mutations affecting yield: 
(a) Increased number of fertile branches: These mutants 
were observed in all the varieties at lower concentrations 
of mutagens. These were characterised by a luxuriant 
growth and large number of flowers. The number of fertile 
branches per plant in control was 6.65, while it was 8.97 
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in the mutant- These mutations accounted for 0.34% of the 
total morphological mutations. 
(b) Increased number of fruits; In these mutants, the 
number of fruits increased over the control. There were 
isolated from all treatments of mutagen and in all the 
varieties. Even though the seeds per fruit and weight of 
1000 seed did not alter, the yield was greater because of 
the larger number of fruits. The mean number of fruits 
was 49.45 and 54.21 in the control and mutants, 
respectively. Some 0.28% of the morphological mutations 
were of this type. 
(v) Mutations affecting flower: 
(a) Non-flowering vegetative mutants: These mutants were 
noticed in EMS and SA treatments in the varieties Jwala 
and NRH. These mutants did not bear any flower. They had 
an erect and stout stem and continued to grow vegetatively 
by the time other plant were setting fruits. Frequency of 
these mutations was 0.13% of the total morphological 
mutations. 
(vi) Mutation affecting fruit: 
(a) Shattering fruit mutants; Few plants were noticed 
with 0.04% MMS treatments in the Var. NRH. The fruits 
started shattering as soon as they matured. Frequency of 
these mutations was 0.13% of the total morphological 
mutations. 
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4.2.6 Frequency of morphological mutations: 
The highest frequency was noticed in the EMS 
treated material (9.37%) and the lowest with SA (5.89%), 
while MMS treatments (6.02%) were intermediate (Table 40). 
The overall frequency of morphological mutations was 
7.58% (Table 41) was recorded in the Var. NRH, followed 
by 7.54% and 5.87% in the varieties Jwala and S.Black, 
respectively (Table 41). 
4.2.7 Meiotic studies in M generation: 
Cytological analysis in M„ generation v/as done 
from the plants raised from the seeds of selected plants 
of M, generation, which had shown significant variations 
in morphology and cytology. In M_ generation the treated 
population showed less variation as compared to M^ except 
some selected plants which may be called as true mutants. 
The parameters of the cytological analysis were same as in 
4.2.7.1 Abnormalities of Diakinesis: 
(i) Chiasma frequency: Control as well as treated plants 
were studied for chiasma frequency and their average per 
bivalent calculated and presented in Tables42-^i-. Results 
pertaining to the frequency of chiasmata per bivalent and 
per cell in the treated plants as compared to their 
Table 40. Frequency of morphological mutations obtained 
with different mutagens in M- generation . 
% mutated plants 
EMS MMS SA 
Morphological 9.37 6.02 5.89 
mutations 
Table 41. Frequency of morphological mutations in the three 
varieties of chilli in M^ generation. 
% of mutated plants 
Var. Var. Var. Average 
Jv/ala NRH S. Black 
Morfjhological 7.54 7.58 5.87 6.99 
mutations 
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respective controls clearly indicate that there v/as a 
marked decline in chiasma frequency. The average frequency 
of chiasmata per cell proportionately decreased with the 
decrease of chiasmata per bivalent or with an increase of 
univalents in each treatment. In general, chiasma 
frequency influenced by each of the mutagens exhibited 
marked difference among three chemicals. However, there 
was a gradual reduction in mean chiasmata per cell and per 
bivalent as the concentration of mutagenic treatments 
increased. 
The frequency of chiasma decreased gradually from 
21.43 per cell (control) to 19.80, 18.63, 18.50, 18.37 per 
cell from 0.1 to 0.4% EMS concentration respectively 
(Table 42). In MMS, the frequency decreased to 20.93, 
20.90, 20.63, 19.53 in 0.01-0-04% concentrations, 
respectively (Table 43). In SA, the decrease v/as 21.00, 
20.40, 20.10 and 17.87 per cell respectively (Table 44). 
The chiasmata frequency was significant at 1% level in 
0.1% EMS and onwards (Table 42). 
In MMS, the decrease in the per cell frequency of 
chiasma was significant at 1% level in 0.04% concentration, 
and 0.03-0.04% concentration of S A (Tables 42-44). 
Similarly, the frequency of chiasma per bivalent 
showed the same pattern. The maximum frequency per 
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bivalent in control was 1.78, whereas in highest 
concentrations of EMS, MMS and SA, the mininum frequency 
was 1.53, 1.62, . 1.48 per bivalent respectively 
(Tables42-44) . 
(ii) Univalents 
A good number of univalents per cells were 
observed in M_ also. Although lov/er than M, and the 
frequency was significant in some mutagens. 
Univalents were absent in control. In EMS the 
minimum frequency was 0.03 per cell in 0.3% 
concentration and increased gradually to 0.07 per cell 
in 0.4% concentration (Table 42). In MMS, the univalents 
increased from 0.13 to 0.53 per cell in 0.02 to 0.04% 
concentration. There was a gradual increase of 
univalents in SA treatment where it was increased from 
0.07 to 0.27 per cell in 0.03 to 0.04% SA. The frequency 
of univalents per cell was significant at 5% level in 
0.4% EMS, and at 1% level in 0.04% EMS, and at 1% level 
in 0.04% MMS. The frequency v/as insignificant in SA. 
4.2.7.2 Abnormalities at Metaphase I: 
(i) Frequency of ring bivalents per cell 
The frequency of ring bivalents in control was 
very low (0.03 per cell) but varied in different 
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treatments. It ranged between 0.03 (control) to 0.17 per 
cell in EMS (Table 42). In MMS, the frequency increased 
to 0.37 per cell (Table 43). In SA, the maximum 
frequency was 0.33 (Table 44). The per cell frequency of 
ring bivalent v/as significant at 5% level in 0.4% EMS, 
0.02% and 0.03% MMS, and 0.02% SA and also significant 
at 1% level in 0.04% MMS and 0.03-0.04% SA. 
(ii) Frequency of Rod Bivalents: 
The maximum frequency of rod bivalents in 
control was 11.93 per cell. It decreased to 11.60 per 
cell in 0.4% EMS, (Table 42). In MMS, the frequency 
decreased significantly to 11.00, 11.58, 10.63, and 
10.58 per cell in 0.01 to 0.04% concentration (Table 43). 
Similar results were obtained in SA, in which the 
frequency decreased gradually to 11.37 per cell in 0.04% 
concentration. The decrease in the per cell frequency of 
rod bivalents vvas significant at 5.0% level in 0.03% 
MMS, and 0.03% SA. 
(ill) Univalents: 
The average frequency of univalents in control 
was 0.03 per cell at metaphase I. It ranged between 0.03 
to 0.33 per cell in 0.1 to 0.4% EMS (Table 42), 0.13 to 
0.37 per cell in 0.02 to 0.04% MMS and 0.07 to 0.20 per 
cell in SA (Table 43-44). The maximum frequency of 
univalents was 0.37 per cell in 0.04% MMS. The increase 
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in the per cell frequency of univalents was significant 
at 5% level in 0.04% MMS and was insignificant in E.MS 
and S h. 
(IV) Precocious separation of chromosomes : 
Precocious separation of chromosomes could not 
be observed in control. The highest frequency of 
precocious separation of chromosomes was 0.17 per cell 
in 0.04% SA, followed by 0.07 per cell in 0.4% EMS and 
0.06 in 0.04% MMS. Increase in the frequency was 
significant at 5% level in 0.4% EMS and at 1% level in 
0.04% SA but was insignificant in MMS. 
(V) Stickiness : 
Stickiness of chromosomes was not found in any 
mutagen in M2 generation. 
4.2.7.3 : Abnormalities at Anaphase : 
The common abnormalities at anaphase I were 
laggards/ bridges, unequal separation of chromosomes but 
their frequency was lower as compared to M]^ generation. 
(I) Laggards : 
In the treatments the frequency of laggards 
ranged from 0.03-0.07 per cell in 0.1-0.4% EMS, (Table 
42). In MMS the frequency increased from 0.03-0.08 per 
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cell in 0.03-0.04% concentration (Table 43). It was 
0.03-0.07 per cell in 0.02-0.04% SA (Table 44). The 
increase in the frequency of laggards was significant at 
5% level in 0.04% MMS. In other two mutagens the 
frequency was insignificant. 
(ii) Bridges : 
Bridges were not observed in control and EMS. In 
MMS they ranged between 0.07-0.10 per cell in 
0.03-0.04% and in the treatment of SA it ranged from 
0.07-0.13 per cell. The increase in the frequency of 
bridges was significant at 5% level in 0.03-0.04% cone, 
of SA and 0.04% MMS and at 1% level in 0.04% SA. They 
were insignificant in other concentrations of mutagens. 
(ill) Unequal separation of chromosomes : 
Unequal separation of chromosomes was not 
observed in control. In EMS, the frequency was 0.03-0.10 
per cell in 0.3 to 0.4% EMS, 0.07-0.10 per cell in 0.03 
to 0.04% MMS and the frequency v;as 0.03 to 0.13 per cell 
in 0.01 to 0.04% SA. The frequency was significant at 5% 
level in 0.04% MMS, 0.02 and 0.03 SA and at 1% level in 
0.04% SA but insignificant in EMS. 
(iv) Fragments : 
Fragments could not be observed in any 
treatement in M„ generation. 
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4.2.7.4 Abnormalities at Telophase-I : 
The abnormalities at telophase I were rare. 
However, the laggards could be observed in few 
treatments of SA. 
4.2.7.5 Abnormalities at second meiotic stages : 
The chromosomal abnormalities could not be 
observed during second meiotic stages of M„ generation. 
4.2.8 Induction of variability in M2 generation by EMS 
MMS and SA : 
The geneti'c variability induced for following 
seven quantitative characters by chemical mutagenesis 
was studied in the three varieties of chilli in M 
generation. In each treatment, statistical analysis was 
made to determine mean, shift in mean, and significance of 
the values obtained, was determined by calculating the 
least significant difference (L.S.D.). 
.1) Plant height (cm) 
2) Number of fertile branches per plant 
3) Day to flowering 
4) Days to maturity 
5) Number of fruits per plant 
6) 1000 seed weight (g) 
7) Yield per plant (g) 
1 0 1 
1. Plant height: 
The data recorded on plant height are presented 
in Tables (45-53). It is clear that all the treatments 
of mutagens used were capable of inducing immense 
variation in this character. The mean shifted only in 
the negative direction in all the treatments. Plant 
height showed a greater reduction in the population 
treated with SA (Tables 51-53). The higher 
concentrations of the other two mutagens (EMS and i-MAS) 
brought about significant reduction in plant height. 
However, at higher concentration, no significant 
reduction in the plant height was observed in the EMS 
treated population of the variety Jwala (Table 46). 
2. Number of fertile branches per plant: 
The data recorded on number of fertile branches 
per plant are given in Tables (45-53).The mean shifted in 
both the directions. In general, there was an increasing 
trend of mean values of the fertile branches in almost 
all the lower concentrations of mutagens in all the 
varieties. 
In the variety Jwala, the highest increase was 
observed in 0.1% EMS treatment (P>0.05) (Table 46) 
followed by 0.01% MMS (Table 49). Significant reduction 
in the number of fertile branches was observed at higher 
concentrations of mutagens. 
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In the variety Suryamukhi Black, a significant 
increase was observed in 0.01% MMS (Table 50). 
3. Days to flowering: 
Data on mean values, shift in mean, for days to 
flowering for treated and control population are given 
in Tables 45-53. The mean values shows both positive and 
negative shifts from control values.The positive trend 
was observed at the lower concentrations of the mutagens 
in the varieties NRH and Jwala whereas in the variety 
S.Black the mean shifted in negative direction for all 
the treatments. In the variety, Jwala, 0.02% MMS 
(Table 49) and 0.01% SA treatments (Table 52) showed a 
significant delay (p >0.05) in flowering as compared to 
the control. The mean days to flowering reduced 
significantly by 5 days with the treatment of 0.3% EMS 
(Table 46) and 0.04% MMS (Table 49) in the var. Jwala 
(control mean = 46.43, treatments mean = 41.44 and 
41.40, respectively). 
4. Days to maturity: 
The mean for days to maturity was shifted 
tov/ards the negative side in all the treatments (Tables 
45-53). There was a slight decrease in mean with almost 
the lower concentrations employed. However, a 
significant reduction in mean values was observed in the 
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higher concentrations of the mutagens. The highest 
reduction in mean was observed in the var. Jwala with 
0.3% EMS treatment (Table 46) followed by 0.4% EMS in 
the var. NRH (Table 45). 
5. Number of fruits per plant: 
The mean shifted in both positive as well as in 
negative direction / its stretch being more towards the 
positive side. The lower concentrations of the mutagens 
significantly increased the number of fruits, while the 
mean was reduced significantly with the higher 
concentrations, except for 0.04% SA in the var. Jwala 
(Table 52), and 0.4% EMS and 0.04% SA in the var. NRH 
(Tables 45 and 51). In general, the mean values 
increased more in the var. NRH, followed by the 
varieties S.Black and Jwala. 
6. 1000 seed weight (g): 
The data recorded for the 1000 seed weight 
showed the mean was extended in both the direction in 
the treated population (Tables 45-53). The mean 1000 
seed weight shov/ed a slight and significant improvement 
over the controls at the lov;er concentrations of all the 
mutagens used. 
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7. Total plant yield (g): 
The data recorded on yield per plant are 
presented in Tables 45-53. The mean shifted in both the 
directions in the treated material. In general, the 
lower concentrations of the mutagens significantly 
increased the mean yield per plant in all the three 
varieties. However, it was significantly reduced with 
lots treated with higher concentrations, with a few 
exceptions . 
4.3 Studies in M, generation: 
The variability induced by EMS, MMS and SA in 
different quantitative characters of three varieties of 
chilli was also studied in M_ generation. 
1. Plant height: 
Tables 54-62 reveals that the mean values for 
plant height decreased in the varieties NRH and S.Black. 
But a slight increased in mean values was observed in 
all the treatments of mutagens used in the var. Jwala. 
In the var. NRH, a marked reduction in plant height was 
noticed with 0.01% of SA, whereas in the var. S.Black 
the plant height, reduced significantly with 0.2% E>5S 
and 0.01% and 0.02% SA treatments. 
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2. Number of fertile branches/plant: 
There was an increase in the mean values of the 
fertile branches in both the selected treatments of the 
mutagens (Tables 54-62). The mean values were also 
significantly higher than the controls. The EMS 
treatments were most effective in increasing the mean 
values than the others two mutagens (MMS and SA). 
3. Days to flowering: 
The data recorded for days to flowering in M 
generation are given in Tables (54-62). The mean 
flowering time was reduced with all the treatments 
except 0.01% MMS in the var. NRH where it increased as 
compared to the control. The mean values of the 
treatment population differed significantly (p>0.05) 
from the controls. MMS treatment (0.01 and 0.02%) had no 
significant effect on the mean flowering time in the 
var. S.Black. The time occurred 4 days earlier, compared 
to controls, at 0.2% EMS in the var. NRH. 
4. Days to maturity: 
The data on days to maturity are presented in 
Tables 54-62. The mean was shifted in the negative 
direction in the mutagenized population. Most of the 
mutagenic treatments significantly reduced the mean days 
to maturity in all the three varieties. 
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5. Number of fruits per plant: 
A comparison of number of fruits in the treated 
and control populations (Tables 54-62) shows that the 
mean values increased in all the treatments of EMS, MMS, 
and SA in the three varieties. The mean values for the 
treated populations differed significantly from the 
control. 
6- 1000 seed weight (g): 
The data recorded for 1000 seed weight showed 
that the mean values increased significantly with each 
treatment (except 0.02% SA in the var. S.Black) of the 
varieties used (Tables 54-62). 
7. Total plant yield (g) 
The data on the total yield per plant, given in 
Tables 54-62, shows that there has a general increase in 
the mean values for each treatment in the three 
varieties. The mean in the treated population 
significantly differed from that in the control. 
4.4 Screening of high yielding mutants: 
The details of the mutants isolated in >' 
generation and of their parents are given in Table 63 
(Plate 6, Fig. 4.). 
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Since yield per plant is the most desirable 
character, certain mutants which are distinctly much 
superior to the others with regards to seed yield per 
plant were selected in M2 generation and grown in 
progeny rows in M^ generation and were evaluated not 
only for the seed yield but also for other characters. 
The frequency of occurrence of mutants plants has rather 
low, considering the large size of the M„ population 
raised. 
The data on mean values, range, shift in mean of 
different mutants and parents in M^ generation are 
presented in Tables 64-66. Selections from M_ generation 
for higher mean yields in M^ generation showed a range 
of 15.50-18.50 g (NRH-A), 16.00-17,00 g (NRH-B), 
13.00-14.12 g (S.B-A), 15.00-17.25 g (Jwala-A) and 
13.17-15.15 g (Jwala-B), yield per plant in comparison 
to control which gave the range of 7.26-9.50 g (var. 
NRH), 5.17-6.18 g (var. S.B) and 7.00-8.15 g (var. 
Jwala) yield per plant. This was recorded for the 
treatment of EMS with concentrations of 0.1% and 0.2%. 
The mutants NRH-C (0.0 2% MMS) has given the highest 
plant yield of 17.24 g in M^ generation, having a range 
of 17.45-18.38 g yield per plant. The mutants NRH-D and 
Jwala-D were selected for the highest plant yield 
performances ranging between 15.00-17.27 g and 
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15.11-17.15 g, respectively with 0.01% SA treatment. The 
mean yield of these mutants v;as 13.84 g and 16.57 g as 
against their respective controls which gave the mean 
plant yield 9.25 g and 7.56 g (Table 63). 
All these mutants isolated for a higher plant 
yield, have also shown higher values for the number of 
fertile branches and fruits per plants as compared to 
the controls. 
4.5 Induction of Polyploidy: 
The production of polyploids in crop plants by 
treatment with colchicine has been undertaken by a 
numbers of schools all over the world (Pal, Ramanujam 
and Joshi 1941, Baner^i 1933). Though various methods 
in induction of polyploidy have been developed, inducing 
through the application of colchicine has met with 
remarkable success especially with many herbaceous 
plants. The production of colchiploids, inspite of 
limitations offers some fascinating possibilities for 
the improvement of economically desirable qualities. The 
present investigation deals with morphological and 
cytological comparison between the diploids and the 
colchicine-induced autotetraploids in Capsicum 
frutescens L. Var. Suryamukhi. 
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4.5.1 Morphological studies: 
The shoot treatment of Capsicum frutescens L. 
Var. Suryamukhi gave 64% polyploids - a very encouraging 
result in constrast to the complete failure reported by 
Pal, Ramanujam and Joshi (1941) to produce polyploids by 
shoot treatment in Capsicum annuum L. The leaves vi^ hich 
come out after the treatment were, longer, broader, 
thicker, more rough distorted and deep green in colour 
as compared to those of control (Plate 7 Fig. 6). The 
deep green colour in the polyploids was found to be due 
to the presence of more numerous and large chloroplast. 
The epidermal cells, stomata, cells of the palisade and 
spongy parenchyma of leaves in the polyploids were 
larger than those of the control. The number of stomata 
per field were fewer in polyploids than the control.An 
examination of the Table 67 brings out clearly the 
morphological changes induced as a result of 
quantitative increase in chromosome number from a 
diploid to a tetraploid level. Flowering was delayed and 
extended in the polyploids. The polyploids had 
conspicuously larger floral parts (Table 67). Although a 
number of the solanaceae the floral parts were not 
present in multiple of 5 but varied from 5-8 sepals, 
petals and stamens. However this behaviour is not 
correlated with tetraploidy for the controls also showed 
Table 67. Comparison of morphological characters of diploids 
and polyploids. 
SI. Characters Diploid Polyploid Difference 
No. 
1. Height of plant in cms 28 25 -9 
2. Number of leaves on the 49 56 +7 
main stem 
3. Length of leaf petiole 5 7 - 2 
in cms 
4. Length of leaf blade 7 11 +4 
in cms 
5. Breadth of leaf in cms 
6. Thickness of leaf in /U 
7. Length of guard cell of 
stoaata in p 
8. Breadth of guard cell of 
stomata in ^i 
9. Length of stomatal 
aperture in ^i 
10. Breadth of stomatal 
aperture in /a 
11. Number of stomata per 
field 
12. Pollen size in ;u 
13. Length of pedicel in cms 
14. Pollen fertility % 
15. Length of sepal in cms 
16. Length of petal in cms 
17. Breadth of petal in cms 
18. Length of stamen in cms 
19. Length of style in cms 
20. Diameter of ovary in cms 
5 
62.0 
22.7 
7.4 
9.1 
2.7 
20 
83.916 
1.1 
89.40 
0.4 
0.4 
0.4 
0.3 
0.4 
0.3 
7.5 
167 
49.3 
12.5 
16.5 
4.4 
9 
182.508 
1.8 
58.38 
0.68 
0.6 
0.6 
0.6 
0.3 
0.5 
+ 2.5 
+ 4.05 
+ 16.6 
+ 5.1 
+7.4 
+ 1.7 
-11 
+98.592 
+ 0.7 
-31.02 
+0.28 
+0.2 
+0.2 
+ 0.3 
-0.1 
+ 0.2 
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the •same variation. The fertile pollen grains of the 
polyploids were larger than those of the control. The 
polyploids were sterile and fruit formation did not take 
place at all, so seed-setting was out of question. Again 
this is in contrast to the findings of Pal et a]^. (1941) 
who obtained fertile polyploids in Capsicum annuum. The 
tetraploids in general showed slow growth rate than 
their corresponding diploids. 
The evidence at hand suggests that inspite of 
fairly good pollen sterility in tetraploids the failure 
of fruit setting lies in the gynoecium. 
4.5.2 Cytology: 
Cytological studies in Capsicum have made by 
several workers. Our observation confirm the findings of 
deVilmorin and Simonet (1927); Huskins and La Cour 
(1930); Dixit (1931); Banerji (1933); and Pal et al. 
(1941). They all reported 12 and 24 as the gametic and 
sometic numbers respectively. The diploids had fairly 
regular meiosis. In some cases two univalents were 
observed while four univalents were very rare. However, 
the polyploids exhibited meiotic instability to a 
considerable extent. The following description of the 
sequence of events in the unstable meiotic cells is 
applicable to various plants studied. 
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4.5.3 Diakinesis : 
Configuration observed in the tetraploids (Fig. 
3) were univalents, chains, rings of different sizes. 
The different types of configurations met have been 
shown in Table 68. Univalents ranged from one to six per 
cell and one or more univalents were found in 80% of the 
cells analysed. The type of chain configurations ranged 
from a chain of two to a chain of four chromosomes. The 
most commonly observed configuration was the chain or 
ring of two chromosomes with univalents, chain of three 
was rather rare, while chain or ring of four was 
observed in majority of PMCs. The number of trivalents 
varies from zero to two and that of univalents reach the 
maximum of nine. The presence of good number of 
univalents with a few trivalents indicates failure of 
pairing in pachytene stage rather than subsequent 
breakage of pachytene quadrivalents. 
The average number of chiasmata per cell in the 
diploid was 18.92 and in the tetraploid 34.44, or it 
could be expressed as 0.788 and 0.717 half chiasmata per 
chromosome in diploid and tetraploid respectively, 
thereby showing that there was apparently a decrease in 
the number of half chiasmata in the tetraploid per 
chromosome compared to the diploid. This difference nay 
by expressed as the reduction factor. 
Table 68. Average frequency per PMC of various types of configura-
tions at diakinesis in 50 PMCs of tetraploids and 
diploids each-
Plant 
Plant 
Quadrivalent Trivalent 
Average per PMC Varia- Average per PMC Varia-
Ring Chain Total ^^ "^^  Ring Chain Total ^ ^ ° " 
Tetraploid 2.41 3.42 5.83 2-7 0.1 0.35 0.4 0-2 
Diploid - - - - - _ _ _ 
Bivalent Univalent 
Average per PMC Varia- Average per Varia-
T- ir~ ru *. 1 ^ ^ ° " PMC tion 
Ring Cham Total 
Tetraploid 4.3 5.41 9.71 3-16 2.6 0-8 
Diploid 7.23 3.2 11.43 10-26 0.31 0-4 
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half chiasmata per chromosome 4n _ 0.717 = o 90 
half chiasmata per chromosome 2n' 0.788 
(Upcott, 1939). 
4.5.4 Metaphase I : 
The multivalents and bivalents form as compact 
metaphase plate (Fig. 4). The various chromosomal 
configuration were found to be oriented on two or three 
plates forming separate spindles. Further division 
stages clearly showed the independent functioning of 
these spindles. Fig.4 shows quadrivalents, trivalent, 
bivalents and univalents. 
4.5.5 Anaphase I : 
Among the tetraploids the various combinations 
were 23:16 one laggard and 8 stray; 22:26; 20:28 
(Fig. 10), 24:22 with one laggard and one stray 
respectively. In some PMCs there was three groups of 
chromosomes 20,15 and 13 which may have resulted due to 
anaphasic movement in tripolar spindle. In normal cells. 
Forty eight chromosomes could be clearly cjcunted and 24:24 
chromosomes separated to the poles. 
4.5.6 Telophase I: 
The most significant feature of telophase I was 
the strays and laggards being excluded from the nuclei 
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at the two poles which may later give rise to 
micronuclei. The formation of multiple spindles at 
metaphase I is the clear evidence for the occurrence of 
more than two nuclei at telophase I which in further 
division creates more complex situation. In a few cases 
chromosomes failed to separate at the end of anaphase I 
to two poles giving rise to restitution nucleus. 
4.5.7 Metaphase II: 
Further evidence of the occurrence of multiple 
spindle at metaphase I is met with at metaphase II. The 
number of chromosomes at metaphase II plates did not 
show any relation to the genomic number but separated at 
random, varying from equal to very unequal. In some 4n 
cells there were four equal plates at M-II, two at each 
end of the cell, presumably derived from normal 
disjunction of two equal plates at metaphase I. The 
laggards and stray chromosomes were observed at this 
stage also. 
4.5.8 Anaphase II: 
The most striking feature of anaphase II was the 
preponderance of laggards which may be due to the 
irregularities in the spindle mechanism. Polar movement 
may be effected either at anaphase I or II or at both 
the divisions. In a few cells though not sharply 
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delimited very loose groupings were suggested giving 
evidence of the failure of spindle movement rather than 
complete breakdown of cell division mechanism. 
4.5.9 Telophase IIi 
The irregular distribution of chromosomes at 
anaphase II is reflected at telophase II by the 
production of 1-8 nuclei with size variation ranging 
from equal to very unequal. The most commonly met with 
combination of nuclei at telophase II is five, six and 
seven. The extra large cells having 8-10 nuclei 
suggested the binucleate condition. In addition to the 
normal sized nuclei the occurrence of several micro 
nuclei (Fig. 11) suggested that they are the 
consequences of the irregularities of meiotic division 
such as laggared and stray chromosomes which ultimately 
got themselves included in the micronuclei. 
4.6 Sporads: 
As expected irregular sporads had varying number 
of microspores. As at telophase II the most frequent 
deviant type had 5-7 spores of varying size but sporads 
with 11 or 12 microspores were rare. In addition to the 
normal sized sporads there were some about half the 
normal size and some larger than normal. The apparent 
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lack of correlation in size of sporads and number of 
spores is understandable in view of the instability of 
the miotic division. The occurrence of micronuclei along 
with normal size spores supported the interpretation that 
laggards and stray chromosomes which are not included in 
any of the normal complements of the nucleus ultimately 
give rise to nuclei of smaller size. 
4.7 Pollen grains: 
The tetraploids produced 58.38% of fertile 
pollen/ the remaining pollen grains were strunken or 
empty. The pollen size varied to a great extent in the 
tetraploids presumably due to their different chromosome 
complements - the result of aberrant meiotic divisions. A 
few pollen grains were too small but still had the 
stainability that they may be fertile. Pollen fertility 
is consistently reduced on doubling the chromosome number 
in autotetraploids. The variability inherent in the 
deploids is reflected and intensified in the tetraploids. 
As in the present case reduced pollen fertility in 
autotetraploids where the diploids themselves are 
relatively low in pollen fertility suggests that a 
similar interaction of factors occurs at the 4n level. 
Reduced fertility may also be attributed to the presence 
of univalents, multivalents, multiple spindles, unequal 
segregation and breakdown of spindle mechanism. 
U6 
DISCUSSION 
Mutagenesis no doubt has been a convenient and 
adequately effective tool of induction of variability in 
crop plants. The variability so generated, is 
considerably large and quite helpful in selection 
procedure (Gregory, 1956 and Khan 1988). The study of 
biological damage in terms of lethality, seedling growth 
depression, survival at maturity, frequency of chimeric 
plants, pollen and seed sterility in H, generation 
chlorophyll and viable mutation frequency in M. 
generation are generally used to evaluate the mutagenic 
sensitivity of the biological system under study. The 
sensitivity of any biological system to a particular 
mutagenic treatment depends on various factors such as: 
1) Chemical properties of the mutagen; 
2) Properties of the bioloigical system; 
3) Temperature; 
4) Duration of the treatment; 
5) Hydrogen ion concentration; 
6) Pre and post treatment condition. 
In the present investigation, the sensitivity of 
plants to mutagenic agents in M,, M^ generations have 
been measured in terms of seed germination, seedling 
height plant suvvival at maturity and pollen sterility 
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in the populations emerging from the treated seeds of 
all the three varieties of chillies. 
During the mutagenic studies it was observed 
that EMS, MtlS and SA bring about reduction in germination of 
seeds*seedling height, pollen fertility and survival at 
maturity. These reductions, with an exception of 
survival were found to be dose dependent. Earlier 
studies of Hsieh (1959), Sahu and Kumar (1978) and 
Chauhan (1982) have shovm a linear-relationship between 
the dose of the mutagen applied and the parameters 
mentioned above. 
Reduction in germination, seedling height, and 
growth v/as , also reported in Gladiolus (Sax, 1955), in 
Saccharum (Vijaylaxami and Rao, 1960), in Allium 
cepa (Campos et^  al.-r I960), in grapes (Shimatsuma, 1962; 
Dass and Mukherjee, 1968) . 'H Chlorophytum tuberosum 
(Chowta, 1971), in Sorghum (Sreeramulu, 1972), in 
Brassica napus (Fowler and Stefansson, 1972), in 
Capsicum (Kamaluddin and Abraham, 1972), in Phaseolus 
vulgaris (Hussein and Disouki, 1976), in Pearlmillet 
(Singh et al.. , 1978), in Turnera (Tarar and Dhyansagar, 
1979 a; Choudhary and Dhyansagar, 1980). In legumes, 
the dose response in manifesting sensitivity to 
different mutagens as measured by germination, seedling 
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growth, survival, chromosomal aberrations and sterility 
was demonstrated by Gregory (1955), Blixt et^  al., 
(1960), Patil and Bora (1961), Sojodin (1962), Blixt 
(1964) and Santos (1965). 
It has been observed that mutagens, besides 
reducing the percentage of seed germination also cause a 
remarkable delay in the intiation of seed germination. 
Delayed germination, as observed in the present investi-
gation, has also been reported in other plants following 
mutagenic treatments (Pearson et al. 1975; Veleminsky 
et al., 1977; Rao, 1983). The germination delayed by 
more than two days in the lots treated with higher 
concentrations of mutagens may be attributed to 
inhibition of the mitotic proliferation in root and 
shoot meristems. 
Seed germination in chilli (Capsicum annuum L. ) 
decreased with the increasing concentrations of the 
mutagens but the extent of decrease in germination 
differed in different mutagenic treatments. Seed 
germination was found to be affected more adversely in 
different concentrations of sodium azide (SA) ranging 
from 0.01 to 0.04%. Sylvia and New Combe (1970), Rajput 
(1973), Dahiya (1973), Shakoor et aj^. (1978), Ganguli 
and Bhaduri (1980) and Subramanian (1980) observed a 
depressed germination after the mutagenic treatments in 
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mungbean where as Fuji and Matsumura (1958) found the 
germination percentage enhancing at certain dose levels. 
Sinha and Godward (1972) noticed stimulatory effect in 
germination percentage at the lowest dose level. Haringa 
(1964) showed that, in peas, germination capacity was 
greatly reduced after EMS treatment. 
Several workers have attempted to explain the 
cause responsible for inhibition of seed germination. 
Griffiths and Johnson (1962) and Srivastava (1979) 
considered the reduction in germination percentage to be 
due to the weakening and disturbances of growth 
processes. 
It has been observed that mutagens, besides 
reducing the percentage of seed germination, also cause 
a remarkable delay in the initiation of seed 
germination. The delayed germination as observed in the 
present investigations has also been reported in other 
plants following mutagenic treatments (Pearson e_t al. , 
1973; Veleminsky et £l., 1977; Rao, 1983). 
The survival of plants decreased appreciably in 
the mutagenic treatments in all the three varieties of 
Capsicum, hov/ever, there was no linear relationship 
between the concentrations of mutagens and the survival. 
Several workers have also reported the same relationship 
120 
in other plants. Swaminathan £t al^ . , 1962 while v/orking 
with bread wheat, reported no change in survival 
percentage after EMS treatments, and so v;as done by 
Dubey (1973). However, a linear relationship between 
survival and the dose of mutagen was observed in rice 
(Siddiq and Swaminathan, 1968a, Michaelsen and 
Navaratna, 1968). Kalia (1984) observed significant 
reduction in survival percentage with different chemical 
mutagens. 
The reduction in survival percentage of the 
treated population could be due to disturbed 
physiological and cytological processes or chromosome 
damage leading to mitotic arrest. Sojodin (1962) 
considered that the embryonal damage due to mutagen 
became apparent at lower stages of ontogenesis. 
The seedlings raised from the treated seeds show 
a decreasing trend, from lower to higher concentrations 
of mutagen, in root and shoot length. Similar results 
were reported earlier in different crops plants such as 
barley (Konzok et al_. , 1961), wheat (Scarascias et^  al. , 
1961) and Brassica napus ^Fowler and Stefansson, 1972), 
Scarascias et aj^. , (1961) noted that rate of the 
seedling growth in wheat decreased with the increase in 
the dose of fast neutrons, thermal neutrons, X rays and 
in various concentrations of EMS, Roy et al., (1971) 
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observed inhibition of growth in Cucumis sativus after 
X-irradiation of seeds. Fowler and Stefansson (1972) 
observed in Brassica napus that EMS treatment markedly 
retarded the seedling growth. The extent of decrease in 
seedling height v/ith increase in the concentration of 
mutagens v;as not uniform in the thr^e varieties studied. 
Such a differential response has been reported earlier 
also (Bhatia, 1960; Kawai and Sato, 1965; Goud 1967; 
Reddy 1974; Khan, 1979; Khan and Siddiqui 1988). 
Various \\?orkers have attempted to explain the 
phenomenon of the reduced seedling growth. Gray and 
Scholes (1951) and Lea (1955) suggested that it could be 
due to uneven damage to the meristematic cells as a 
consequence of genetic injury. The badly damaged cells 
would produce only a few cells progeny and growth will 
recur from those cells which are least damaged 
genetically. Thoday (1951) and Evans and Sparrow (1961) 
opine that the chromosomal damages and/or inhibition of 
cells division are the chief cause of reduced growth. 
Smith and Kersten (1942) reported that the decrease of 
seedling growth would be due to the destruction of auxin 
by ionizing irradiations. 
Another group of workers believe that changes in 
auxin level, in a plant are basically responsible for 
the reduced grov/th. Halvey and Shoub (1965), Gupta and 
I l l 
Samata (1967), and Goud and Nayar (1968) demonstrated 
that seedling growth depression may be due to inhibition 
of auxin synthesis. Gunkel (1957) and Natrajan (1958) 
observed inhibition of mitosis in growth primordia and 
attributed it to auxin destruction. Skoog (1955), 
Haskins and Chapman (1956) and Cherry et al^., (1962) 
suggested that changes occurring in the specific 
activity of several enzymes by treatments of different 
mutagens have an adverse effect on growth rate. 
Pale and Howard (195 6) have suggested that the 
possible interference of irradiation damage with the 
synthesis of new DNA may lead to inhibition of growth. 
Evans and Sparrow (1961) attributed the phenomenon to 
genetic loss due to chromosomal aberrations. According 
to Gunkel (1957) the possible influence of phytohormones 
and other physiological disturbances makes for stunted 
plant grov/th. Halvay and Shoub (1965) opined that the 
reduction may be due to inhibition of auxin synthesis. 
Gupta and Samata (1967) held that auxin had a rapid turn 
over rate in metabolically active tissues, and that the 
auxin biosynthesis is very sensitive to the ionizing 
irradiation. Mhaske (1971) has stated that the 
inhibition of grov/th at higher doses of If-rays is due 
to physiological imbalances in plants caused by 
radiations. Tarar and Dhayansagar (1979a) attributed it 
to the reduction of auxin synthesis. 
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In the present investigation stunted growth has 
been noted to be a common feature at higher 
concentrations of EMS, MMS and SA. Whatever be the cause 
of the reduced seedling height, the facts remain that 
the chromosomes carrying various genes responsible for 
the life processes and expressions are one of the most 
sensitive element, and damage to any part of these vital 
and tiny element is bound to go a long way to bring 
about various physiological and metabolic disorders 
v/hich inturn will bring about several morphological and 
growth abnormalities in the plant or plant organs. 
Generally the seedlings abnormalities like habit, 
branching, cotyledonary and vegetative leaves increased 
with the increasing concentrations of chemical mutagens. 
Variations in the shape, size and number of the 
cotyledonary leaves as observed in chilli are the common 
effects of mutagens, confirming the results obtained in 
rice (Yamagata, 1966; Bose and Chowdhury, 1968), sorghum 
(Ramulu, 1970), maize (Chandrashekhar and Reddy, 1971), 
soybean (Lee and Halloran, 1975), lentil (Sharma and 
Kant, 1975), mungbean (Chaturvedi and Singh, 1981) and 
chilli (Khan, 1983). 
The factors which are rosponsiblo for the 
induction of these cotyledonary abnormalities due to 
mutagenic agents are not well knov;n. Flowever, it was 
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known that anomaly in the proportion of growth hormones 
in treated materials may be responsible for these 
cotyledonary abnormalities (Napp-Zinn, 1955). According 
to Devreux snd Mungnozza (1964) the general disturbance 
in metabolic pathway due to irradiation may be one of 
the important factors responsible for such 
abnormalities. Grover and Virk (1984) held a similar 
opinion for the occurrence of the chromosomal 
aberrations. 
The presence of a single cotyledonary leaf in 
the some seedlings may be due either to cytochemical 
disturbances or to the acute chromosomal aberration 
leading to the death of leaf primordia or the embryonal 
cell responsible for leaf development. Extra 
cotyledonary leaf/ on the other hand, may be due to 
formation and involvement of additional leaf primordia 
or the embryonal cell. 
Development of abnormal leaves was among the 
most common abnormalities noticed in almost all 
treatments of EMS and MMS, and frequency of these 
increased according to the dose of the mutagens. 
Previously, the causes for these abnormalities were 
attributed to the mutagenic treatment to different crop 
plants such as Brassica napus (Fowler and Stefansson, 
1972), Viqna sinensis (Ram Mohan, 1979; Sadashiva Reddy 
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et al., 1984). Excessive branching was attributed to the 
induced axillary buds (Johnson, 1936, 1948) and Gunkel 
and Sparrow (1954). The present study supports their 
viev/s. 
Factors responsible for the induction of leaf 
abnormalities arr. not very well known. Rao (197 2) 
reported that the leaf abnormalities were due to several 
environmental factors such as fertility and availability 
of water and the degree of luxuriance during growth. 
Blixt (1972) stated that leaf aberrations seemed to be 
closely related to actual mutation process and the 
altered metabolism as a result of cellular damage. 
In the present investigation, varying degree of 
pollen sterility has been observed in the different 
concentrations of the mutagen. Pollen fertility was very 
low in the first generation after mutagenic treatment 
but it gradually increased in subsequent generations in 
the present investigation. Varying degree of pollen 
sterility has been observed in different concentrations 
of the mutagen. The magnitude of sterility increased 
with the mutagen concentrations. Similar reports have 
been made earlier by Yamaguchi (1964), Majid (1969), 
Rajput (1973), Chandra et a]^. , (1978), Khan (1979) and 
Ganguli and Bhaduri (1980). In the present 
investigation, the pollen sterility which was 
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proportional to concentrations, appears to be the result 
of cumulative effect of various meiotic abnormalities 
observed combined with some physiological and damage 
induced by chromosome breakage. The decending order of 
the amount of pollen sterility induced by the three 
mutagens was found to be EMS, MMS, SA. Fahmy and Fahmy 
(1957) demonstrated the high ability of alkylating 
agents to produce deficiencies of a cryptic nature. Das 
(1957) stressed that in addition to chromosomal 
aberrations, some genie and physiological changes might 
have been caused sterility. 
In most cases, meiotic abnormalities are 
responsible for pollen sterility (Rana and Swaminathan 
1964; Sinha and Godward, 1972; Ramanna; 1974), because 
meiosis is more prone to any conceivable type of 
disturbances (Darlington, 1937; Swanson, 1957). The 
percentage of pollen sterility was relatively much less 
in M_ generation than M, , indicating that some sort of 
recovery mechanism must be operating in the intervening 
period. Similar observations were made by Katiyar (1978) 
on Capsicum. 
Pollen sterility caused by ionizing radiation 
has been reported by many investigators e.g. Patil and 
Bora (1961) in Arachis hypogea and Plantago with thermal 
neutrons and Y"rays by Dhanraj (1971) in Solanum 
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khasianum and by Singh and Roy (1971) in Triqonella 
Foenum qraceum. Like wise chemical mutagens were found 
to induce pollen sterility (Moutschen-Dahmon, 1965; Sato 
and Gaul, 1967; Majid 1969; Tarar and Dhyansagar 1979b). 
Mikaelson et al^ . (1968) are of the opinion that EMS 
caused alkylation of DNA base will probably pair by 
chance with a wrong partner and give rise to so called 
transitions and this will result mutation. 
In contrast to many reports (Lai, 1975, Sharma 
1977; Sahu and Kumat, 1978; Khan 1979; Mallikarjunaradhya 
and Channabregowda, 1981) no appreciable change v/as 
noticed in the mean value for quantitative characters in 
lyi, generation. This was because in our study, 
macromutational variants were excluded from the 
assessment of means in M„ and data were recorded on 
normal-looking plants only. 
The chlorophyll mutation frequency is useful in 
assessing the potency of a mutagen. Hence, scoring of 
chlorophyll mutations has proved to be a much dependable 
index for evaluating the genetic effects of the 
mutagenic treatments. A comparison of chlorophyll 
mutations indicates that the frequency of chlorophyll 
mutations recorded in M_ generation was concomitant with 
dose. Similar dose dependent increase in the chlorophyll 
mutations frequency was reported by Gaul (1964) In 
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barley, Blixt et_ al, (1966) in peas, Nerker (1976) in 
Lathyrus sativus . Venkatrajam £t ^l^., (1984) and Rao 
et.al.(1991) in Chilli. However Khan (1979) suggested 
that the frequency of chlorophyll mutations in 
mungbean is dose independent. 
A wide spectrum of chlorophyll mutants was 
recorded including, albina, xantha, chlorina, maculata, 
viridis, and striata in M_ generation. The results are 
in conformity v/ith that of Jana (1963) on Phaseolus 
mungo, Savin et aj^.(1968) and Prasad on barley and 
wheat, Sharma and Kant (1975) on lentil, Hussein et^  al, 
(1974) on ,Pisum sativum. Sreekant and Madhavamenon 
(1979) on finger millet^Chaturvedi and Singh (1981) on 
Vigna radiata,Lee and Halloran (1982) on Soyabean. 
the present investigation revealed that EMS 
induced the highest frequency of chlorophyll mutants in 
all the three varieties of chilli. EMS induced 
chlorophyll mutations have been reported in peas and 
Lens esculenta (Wellensick, 1965 and Uhlik, 1972). 
Swaminathan et al^ , (1962) proposed that such a high 
frequency is due to the preferential action of EMS on 
chlorophyll development genes located near centromere. 
EMS is supposed to be specific to certain chromosomal 
regions (Goud, 1967) containing yenes for chlorophyll 
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development and has been reported to induce high 
frequencies of chlorophyll mutations. (Natranjan and 
Upadhya 1964). 
The frequency of chlorophyll mutations induced 
by SA much less as compared to EMS and MMS . The low 
chlorophyll deficient mut?'£ion frequency may be due to 
the inhibition of catalase and peroxidase and the 
increase in peroxide concentration in the cell 
(Kleinhofs et aJL., 1978). Nilan et ajL (1973) observed 
that the greater effectiveness of azide in the acid form 
is probably due to better penetration of the cell 
membranes by the natural HN^ molecules. 
Blixt (1964), Heringa (1964), Wellensick (1965), 
Monti (1968) Siddiq and Swaminathan (1968a), Prasad 
(1972), Nerker (1977) and Sharma and Sharma (1979) 
studied the effectiveness and efficiency of various 
mutagens and concluded that alkylating agents are more 
efective and efficient in inducing mutations. Siddiq and 
Swaminathan,(1968b), Prasad (1972), Nerker (1977), Farook and 
Nizam (1978) reported that the lower doses of mutagens 
were more efficient and effective, compared to higher 
doses. 
Mutagenic effectiveness is an index of the 
response of a genotype to the increasing dose of the 
mutagen. The order of mutagenic effectiveness as 
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determined on the basis of mutated plant progenies was 
MMS, SA and EMS. All the three chemical mutagens were 
found to be effective at lower concentrations. The 
decline in the mutagenic effectiveness recorded at 
higher doses shows that the increase in mutation rate 
was not proportional to the increase in the doses of 
various mutagens. Similar results were obtained by Gupta 
and Yashvir (1975) for Setaria italica, by Nerker (1977) 
for Lathyrus sativus, by Singh and Chaturvedi (1980) for 
Vigna radiata and Gukasyan and Akopyan (1974) in 
chilli. 
The mutagenic efficiency indicates the extent of 
genetic damage recorded in M_ generation in relation to 
the biological damage caused in M, . As reported by 
Sharma (1977), Ramulu (1970), Nerker (1977) the 
mutagenic efficiency decreased with increasing dose of 
all the mutagens in our study also. The greater 
efficiency at lower doses is because the biological 
damage generally increased with the enhancement in the 
dose at a higher rate than the mutations yielded in M„ 
at the same dose (Konzak et al,1965). This can be taken 
as an established fact for almost all .-Situations. 
The lowest efficiency was recorded in SA and the 
highest in EMS, MMS being intermediate. The results 
indicate that the efficiency calculated on the basis of 
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sterility was higher as compared with that based on 
seedling injury. This trend was obtained in all the three 
varieties of chilli. Gaul et^  al^, (1962) reported the 
mutagenic efficiency to be related to sterility and 
further observed that the lower the dose, the higher the 
efficiency. This is because the lower dose may cause 
relatively less damage, enabling the organism to express 
the induced point mutations successfully. The sterility 
induced by chemical mutagens, more particularly, by 
alkylating agents was not found in many cases to be 
associated with chromosomal abnormalities (Bansal and 
Natrajan, 1965), Prasad (1968), observed that NMU induced 
minimum visible mitotic changes in Triticum durum, but 
resulted in a very high degree of sterility. It appears 
that gene mutations may be responsible for such sterility, 
although the cytologically undectable cryptic structural 
changes may also contribute to some extent. 
Efficiency of the mutagens differed in the three 
varieties. Chandola (1968) and Goud et al^ . (1970) 
reported that the genetic architecture of the organism is 
a potent factor in determining its response to mutagens. 
Varietal differences in relation to mutagenic efficiency 
have also been reported by Gupta and Yashvir (1975) in 
foxtail millet. 
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Besides chlorophyll mutations, several 
morphological mutants, exhibiting changes in their 
morphological features, were isolated on the screening 
of M- populations. These mutants differ from control and 
also among themselves in heights, growth, and flowering 
habits. The frequency of morphological mutants differed 
in different mutagenic treatments and also among the 
varieties. The range of such mutants was relatively wide 
with EMS tretament followed by MMS and SA. The 
segregation pattern and breeding behaviour of these 
mutants were not tested in M^ generation. Various 
investigators suggested that such mutants might be 
<ji;ther a result of pleiotropic effects of mutated genes 
or a cryptic chromosome deletion. Many such 
morphological mutants have been extensively studied in 
different crop plants such as Lycopersicon (Khankar, 
1974), Capsicum (Subhash et al^ , 1981), Ca janus ca jan 
(Chary and Bhalla, 1988) and Phaseolus mungo (Jana, 
1962) . 
As a result of mutagenic treatment of seeds with 
chemical mutagens, the plants showed varying degree of 
meiotic irregularities like reduction in chiasma 
frequency, multivalents univalents, disturbed bivalent 
associations, stickiness laggards, unequal division, 
bridges, fragments and the formation of micronuclei at 
telophase II. 
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Generally the meiotic irregularities increased 
with an increase in the concentrations of chemical 
mutagens. The frequency of abnormalities induced by 
present series of treatments was mostly concentration 
dependent and was higher in meiosis I than in meiosis 
II. 
The chiasma frequency following mutagenic 
treatments has been found to increase in some cases 
(Mather, 1934, Darlington and LaCour, 1953, while in 
others no change (Darlington and La Cour, 1953; 
Sybenga, 1960) or decrease (Ramulu, 1971 a; Al-Allaf and 
Godward 1979). Sadanandam and Subhash (1984); Nagalla 
and Nagalla (1977) in Capsicum. Prasad and Godward 
(1969) reported in Phalaris that there was no 
significant correlation of the distribution of chiasmata 
between bivalents of the nuclei, though a slight 
reduction in number of chiasmata per pollen mother cell 
was observed following X-irradiation of dry seeds. 
Lawrence (1961) working with Lolium and 
Tradescantia concluded that the decrease in chiasma 
fraquency following mutagenic treatments might possibly 
occur at two stages, viz., during DNA synthesis and 
sensitive period at/or slightly before the stages of 
chiasma formation. In the former case the decrease in 
the frequency of chiasmata may be due to disturbance in 
chromosome coiling, failure or restricted pairing at 
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pachytene and the delay in DNA synthesis, while in the 
latter it may be affecting the process leading to 
chiasma formation. The chemical mutagens also in 
general, caused a higher reduction in chiasma frequency. 
Jain and Basak (196 5) working with Delphinium reported 
that the mutagen treatments induced univalent formation 
through cryptic structural changes in some of the 
chomosomes which restrict pairing and thus reduce 
chiasma formation. According to Al-Allaf and Godward 
(1979) cryptic structural changes such as minute 
delations or small inversions in some of the chromosome 
in the embroyonic initials or initial which had survived, 
the elimination process to take part in the formation of 
the inflorescence, may be responsible for the failure of 
these the segments to form chiasmata and hence reduce 
the frequency. 
Multivalents formation by chemical mutagens as 
described here has also been reported by many workers. 
Heiner et a^ .. / (1960), Konzak £t £l^ .,(1961) and Sree 
Ramulu (1971 b) working with gamma rays and DES reported 
that the chemical mutagens produce chromosomal 
aberrations less frequently than radiations, Chaghtai 
and Hasan (1979) recorded multivalents with increasing 
dosage of mutagens of EMS, MES and MMS in Lens esculenta 
and suggested translocations may have been produced due 
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to terminal affinities of chromosomes. Jain and Raut 
(1966) working with tomato (Lycopersicon esculentum) and 
See Ramulu (1973) working with Sorghum, also obtained 
multivalents by chemical mutagens. Wolff (1960) found 
that restitution or rejoining of broken ends involves 
repair enzymes and series of chemical reactions. 
Burton and Powell (1966) in Pennisetum typhoides 
observed that the frequency of multivalents induced by 
EMS was less than that of thermal neutron treatments. 
According to Akhund-Zade and Khvostova (1966) 
alkylating agents induced mainly isochroraatid deletions 
which lead to the formation of chromatid bridges at 
anaphase. The bridges are broken and accentric fragments 
are lost which lead to the disturbance of the chromosome 
balance and ultimately to cell death. 
Konzak £t ^ . , (1961) reported that the 
chromosome bridges are most likely due to inversions 
induced by chemicals. The aberrant behaviour of 
chromosomes which lag in anaphase I may be due to 
delayed terminalization or stickiness of the ends of the 
chromosomes. Mann (1977) suggested that Alkylating 
agents reacts with several nucleophilic centres in a 
cell, with DNA being the primary site of alkylation. The 
alkylated DNA separates and leave the DNA depurinated; 
as resulting in gaps in the DNA molecule. These gaps may 
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initiate some exchange processes at this stage, giving 
rise to various types of observed aberrations. Katiyar 
(1978) found the induced pollen sterility was dependent 
on and invariably higher than the concurrent meiotic 
abnormalities. Bridges were noticed in anaphase I, 
sometimes accompanied by lagging chromosomes. The 
lagging and unoriented chromosomes were mostly 
univalents; these resulted in the formation of 
micronuclei of different sizes and numbers varying from 
cell to cell. As a result of these meiotic 
irregularities the treated plants exhibited a high level 
of pollen sterility. 
The occurrence of bridges at anaphase I, in the 
present material has also been observed by several 
workers and has been attributed to crossing over between 
relatively inverted segments (MC Clintock, 1931) or the 
reunion of chromatids during meiotic prophase (Rees and 
Thomson, 1955; Lewis and John, 1966; Newmann, 1966). 
Jones (1968) described contrasting modes of ori<jin of 
bridges in simple terras, "One depends on crossing over 
between relatively inverted segments, the other depends 
on inverted crossing over between non-oriented 
segments". It is also possible that bridges may result 
due to stickiness of chromosome's ends (Carlson, 1954; 
Sawamura, 1965; Sudhakaran, 1971). Thomas (1961) 
observed that in some cells interestitial chiasmata in 
fche translocated chromosomes failed to complete 
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tenninalization and during anaphase this results in a 
a bridge. Bose and Saha (1970) supporting Rees (1952) 
said that a single bridge without fragment could result 
from the failure of division of end genes brought about 
by nucleic acid upset. Bora et^  al^ , (1961) observed that 
absence of fragments from bridges may be due to 
smallness of fragments which disappeared in earlier 
divisions or originated from a chromatic portion. 
The bridges have also been observed by Ghatneker 
(1964), Gostimskii and Hvostova (1965), Akhund-Zade 
(1968), Bose and Saha (1970), Nawar et al, (1971) 
Chowdhary et al.(1971), Bose and Maiti (1971), Sree 
Ramulu (1971 b) and Tarar and Dhyansagar (1980). 
Unsynchronized movement. occvrred significantly in 
mutagens treated population. Similar results of 
unsynchronization of meiotic stages were observed in 
Turnera ulmifolia (Tarar and Dhyansagar, 1980) treated 
v;ith gamma rays and EMS. According to Tarar and 
Dhyansagar (1980) unsynchronized bivalents or laggards 
might be due to discrepancies in spindle formation. 
Freguency of univalents was mostly dose 
dependent. Most of the univalents in the present 
investigation showed either precocious separation before 
the initiation of anaphase in other bivalents at 
equatorial plate or were seen as laggoorda at anaphase 
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I. Thus it seems that the occurrence of univalents is 
the result of desynapsis. Such a phenomenon was also 
supported by Li et^  al^, (1945) and Bozzini and Maitini 
(1971) in wheat. Krishnaswamy et al_, (1941) in Pennisetum 
typhoides and Krishnaswamy and Meenakshi (1957) in 
Solanum. Krishnaswamy and Meenakshi (1957) Studied the 
inheritance of desynaptic mutant and found it to be 
simple Mendelian recessives. 
Some of the the chromosomes pairs exhibited 
weak synopsis resulting in the formation of univalents. 
The occurrence of high degree of univalents and an 
increase in frequency of univalents at metaphase I, and 
their random distribution on spindle, non disjunction 
and the formation of micronuclei seem to be the outcome 
of some disturbances during pairing of homologous 
chromosomes. 
Precocious separation of chromosomes increased 
significantly in all the mutagens. The precocious 
separation was also observed in Arachis hypogea (Patil 
and Bof-a. , 1961) raised from X-ray irradiated seeds and 
in tomato (Bose and Saha, 1970) by X-rays and DES 
treatments. Bose and Saha concluded that the 
univalents separating precociously seemed to be as a 
result of desynapsis. According to Roy et^  al. (1971) 
precocious separation of blvalents at metaphase I in 
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Cucumis sativus v/as attributed to the failure of 
chiasma-formation in pairs. In Turnera ulmifolia var. 
angustifolia {Tarar and Dhyansagar, 1980) precocious 
separation was also observed by gamma rays and EMS 
treatments. 
The stickiness of chromosomes due to chemical 
mutagens was recorded by Sato and Gaul (1967) in barley, 
and Tarar (19 80) in Turnera ulmifolia. Darlington and 
LaCour (1945) observed this feature in irradiated plants 
of Allium and Trillium and suggested there was a 
reduction of correctly polymerized nucleic acid on the 
chromosomes producing characteristic errors of 
spiralization which combined v/ith superimposed excess of 
nonpolymerized nucleic acid to cause surface stickiness. 
Kaufmann et^ a^ .-» emphasized (see Evans 1962) that 
radiation induced chromosomes stickiness was not due to 
the depolymerized acid, but due to partial diassociation 
of nucleo-proteins and alteration in their pattern of 
organization. In the present investigation the 
stickiness could be due to the disturbances in 
cytochemically balanced reactions by the effect of 
alkylating agents (Rao and Lakshmi 1980). 
Occurrence of laggards in all the treatments as 
observed in the present investigation has also been 
observed by Rangaswami (1935), Ammini (1968), nose and 
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Saha (1970). Bose and Maiti (1971), Roy et aj^, (1971) 
Sree Ramulu (1971 b) , Chowdhary et al.(1971) and George 
(1971) with physical and chemical mutagens. According to 
Rangaswami (1935) and Magoon et aj^, (1958) the lagging 
nature of chromosomes seems to be due to some trouble in 
terminalization of chiasmata, resulting from change in 
homology of the paired chromosomes. 
At Anaphase I, instead of the expected 12:12 
segregation of chromosomes, unequal disjunction of 
chromosomes was observed. 
The cells showing unequal division may arise 
when one chromosome of a quadrivalent goes to one pole 
and the remaining three to the other. It is also 
possible that a bivalent: may fail to disjoin and move 
as a whole to one of the poles. These possibilities seem 
to exist because in the present study the cells with 
unequal distribution of chromosomes were observed in 
those treated plants in which quadrivalents v/ere not 
noticed. Unequal distribution was also observed in 
Pennisetum typhoides (Krishnaswct.)!!/ and Rangaswami-
Ayyangar, 1941) by X-ray, tomato (Bose and Saha, 1970) 
by DES and X-rays and Rhoeo discolor (Ammini, 1968) by 
Maleic hydrazide. 
Stretching of chromosomes was also observed in 
almost all the treatments v/ith the significant 
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Some abnormalties were observed at second meiotic stages 
also but frequency was significantly lower and sometimes 
negligible. More than 4 groups of chromosomes were also 
observed at telophase II, most probably due to disturbed 
spindle mechanism forming micronuclei. The micronuclei 
inthe treated plants might also have resulted due to 
non-orientation of chromosomes, laggards, or chromosome 
fragments. 
Some of the mutagens have given high rates of 
mutation as compared to others. For a number of gene 
loci or group of gene loci, EMS, MMS most effective. SA 
also exhibited consisted effect in most of the cases 
even in M„.. 
Improvement of the cultivated plants largely 
depends on the extent of genetic variability available 
within the species. Variability observed in the exis-
ting germplasm collection owes its origin to such 
initial spontaneous mutations that were able to survive 
under specific environmental conditions and their 
subsequent recombinations. Mutagenesis has proved to be 
a handy tool to enhance the natural mutational rate and 
thereby enlarging the genetic variability and increasing 
the scope for obtaining the desired selections. 
Particularly, induction of micromutations in the 
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polygenic system, controlling the quantitative 
characters is important for crop improvement. 
The best use of micromutation breeding comes 
from the extensive work of Gregory (1965) and Gaul et al. 
(1969). A substantial improvement in yield following 
selection in irradiated populations was demonstrated by 
these workers. Some optimistic conclusions regarding the 
potential value of induced micro-mutations for crop 
improvement were drawn by other workers (Gustafsson, 
1947; Rawlings et al., 1958; Koo, 1962; Griffiths and 
Johnson, 1962; Scossiroli, 1965; Brock, 1965; Goud, 
1967; Swaminathan, 1969; Rajput, 1974; Kaul, 1980 b; 
Kaul and Kumar, 1983; Khan, 1986; and Venkatrajam and 
Subhash 1984. 
The degree of success in the genetic improvement 
of particular traits in crop plants depends on the 
magnitude of the genetic parameters and the breeding 
methodology adopted. Since most of the economically 
important characters are influenced by environment. 
In the present study, data on seven quantitative 
characters namely, days to flowering, plant height, days 
to maturity, number of fertile branches, number of 
fruits, 1000 seed weight, and total plant yield were 
analysed quantitatively ho assess the extent of induced 
variability in M^ and pi generations of the three 
143 
Opinions differ regarding the direction of 
mutations. Gaul (1965) and Aastveit (1966) hold that the 
induced polygenic mutations do not follow any particular 
direction but occur at random. According to Bateman 
(1959), Brock (1965) and Goud (1967), the polygenic 
mutation always follow a particular direction opposite 
to the previous history of selections. The characters 
selected previously for an intermediate mean would be ex-
pected to respond to the mutagenic treatment without 
subsequent selections with an increase in the variance 
but no change in the mean. 
The variation observed for all the seven 
quantitative characters due to mutagenic treatments 
indicates the potential usefulness of mutation breeding 
for the improvement of this crop. The extent of 
variability produced by the three chemical mutagens 
differed in their action. Enlargement in range of 
variability for plant yield and its attributes such as 
number of fertile branches, number of fruits and also 
1000 seed weight for the three varieties of chilli in M^ 
and M^ generation of the treated populations is 
indicative of the wider ncope for selection. Although 
mean shifted on either side of the control mean, most of 
it v^ ent towards the positive side in the case of number 
of fertile branches, number of fruits, 1000 seed v;eight 
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and plant yield. During mutagenesis, it mutations occur 
at random for the quantitative characters, no 
significant change is expected in mean values. The above 
observations on yield components give us the idea that 
more positive mutations had occurred for these characters 
resulting in the shift in mean values in the positive 
direction. 
The mean flowering time increased or decreased 
significantly after the mutagenic treatments. Flowering 
was early by 4 days with 0.2% of EMS treatment for the 
var. NRH in M^ generation. The early flowering was also 
reported by Ramkanth £t al..(1977). Bhattacharya and 
Bairagi (1982) and Khan (1984a), Kaul (1980a) suggested 
that the mutation of the two dominant genes to their 
recessive forms makes for an early flowering in peas. 
Oka et^  aj_.(1958) reported that the average number of 
days to flowering was not altered much in some of the 
treatments indicating that the mutations in major 
genes had been in both the directions i.e. for 
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earliness as well as for lateness. Sharma and Saini 
(1969) reported that the direction of mutation depends 
upon the genotype, character under the study and the 
dose applied. The decrease in mean values, is presumably 
due to the predominant incidence of micromutations for 
early flowering. 
The adverse effect of the mutagens on plant 
height was clear in all the three varieties of chilli. 
The treatments of SA at various concentrations gave the 
maximum reduction in plant height in all the three 
varieties in both generations except the variety Jwala 
in the M3 generation where it was slightly increased as 
compared to control. 
The extent of reduction in growth is related to 
the mechanism of action of a given mutagen. As a 
respiratory inhibitor, azide may inhibition energy 
system resulting in the inhibition of mitosis which can 
be associated with seedling growth depression. 
The reduction in the mean plant height was 
reported by Goud et al. (1969) in ragi, by Bajaj e_t al. 
(1970) in Phaseolus vulgaris, by Rajput (1974) in 
mungbean. Shah et^ al. , in chilli. 
The data obtained on days to maturity resulted 
in a significant gain in reducing the maturity period by 
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approximately 4-days with 0.2% EMS and 0.02 MMS 
treatments in M3 generation. The mean days to maturity 
was 80.50 and 79.87 in EMS and MMS treatments, 
respectively, whereas in control, it was 84.40 for the 
var. NRH. Similar gain of reducing days to maturity is 
notice with the treatment of 0.2% EMS in the var. Jwala, 
giving a mean value of 78.20 days in contrast to 82.67 
days in control. The EMS treatments seems to be more 
effective in reducing the maturity period in chilli. 
Khan (1983) reported similar findings in mungbean. 
The mean number of fertile branches and fruits 
per plant increased spontaneously in M2 and M3 
generations resulting from the treatments with mutagens. 
It can be safely concluded that the number of fertile 
branches are correlated with the number of fruits per 
plant. The treatment of EMS with 0.2% concentration gave 
the mean number of fertile branches to the tone of 11.57 
compared with 8.50 in the control. Also, the mean number 
of fruits per plant increased to 67.20, whereas the mean 
of the control was only 54.83. This was obtained in M3 
generation of the var.5 6)<^CK. The var. 'jwalo. with a 
similar treatment gave the hii-jhest mean values of 11.87 
for the number of fertile branches and 77.33 for the 
number of fruits per plant in contrast to control which 
produced 7.10 as the mean for the branches and 58.67 as 
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the mean values for the fruits per plant. The var. NRH 
behaved somewhat differently. 
The author is of the view that the increase in 
the number of fruits per plant in the present 
investigation is obviously due to an increase in the 
number of flowers. Flower shedding v;a?- not noticed in 
the three varieties studied. The period from the start 
of flov/er bud formation to the production of fruits 
took tv/o weaks. As the fruits started forming, there was 
no fresh forming. It can also be said without any doubt 
that the number of fruit sets were higher in the lines 
which produced large number of flowers. All these three 
characters viz., number of fruits per plant, number of 
fertile branches and number of flowers seems to be 
highly correlated. An increased number of fruits was 
also reported in Phaseolus vulgaris (Mujeeb, 1970) Cicer 
arietinum (Bhatti et al^ . , 1970), Capsicum annuum CShah 
et al., 1986) and Vigna radiata (Dahiya, 1973; Rajput, 
1974; Khan 1983) . 
The character of 1000 seed weight is a reliable 
source of measuring yielding ability is chilli. Contrary 
to the findings of many workers such as Ghafoor et_ al. 
(1968) in barley, Miah e_t aj^.(1971) and Jana and Roy 
(1971) in rice and Abidi and Haq.(1971) in Brassica 
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campestris and Khuspe and Ugale (1977) in Capsicum 
annuum. In the present investigations, 1000 seed weight 
has shown a very significant increase from the control 
with most of the treatments in the three varieties of 
chilli. The increase in the mean values is due to the 
predominant incidence of favourable mutations in the 
treated populations (Khan, 1986). This character has 
been reported to be governed by a relatively smaller 
number of genes, unlike other polygenic traits (Syakudo 
and Kobori, 1958; Ghose et^  al, 1960). 
Earlier studies on mutation breeding in crop, 
plants such as soyabeans (Papa et^  a^ ,., 1961), Oats 
(Griffiths and Johnson, 1962), wheat (Swaminathan, 1963; 
Scossiroli, 1964; Borojevic, 1969), barley (Gaul, 1963, 
1967), rice (Jana and Roy, 1973; Chakrabarti, 1975) and 
Rama Rao et^  al'> (1991) in chilli brought out a reduction 
in mean values for plant yield when compared to the 
control, although Tickoo and Jain (1973), Chaturvedi and 
Singh (1980) Khan (1986) found positive mean shifts in 
mungbean. The mean plant yield, in the present 
investigation, has shown significant positive shifts 
with almost all the mutagenic treatments in the three 
varieties. 
The efficiency of the chemical mutagens could be 
1^ 9 
because the seeds treated with these mutagens are first 
soaked in water for 6 hours. The growth initials in the 
embryo in seed have already started their mitotic 
activity and may be in a better position to respond to 
the mutagenic effect. 
In the present investigation, increase in the 
mean seed yield per plant may be due to the selection of 
the normal looking plants in M- generation v>fhich could 
lead to elimination of the aberrant plants, and also to 
the genetic nature of the changes induced after the 
mutagenic treatment. 
The mean plant yield increased in M 2 generation 
except at higher concentrations of the mutagens, and in 
M3 generation there was a complete positive trend in the 
mean values of the seed yield per plant in all the 
treatments given to the three varieties of chilli. A 
better performance for-yield and yield components in PS 
generation may be because quite a number of aberrant 
plants are eliminated in M2 generation itself. Oka et_ 
al,.(1958); Kao etal,.(1960) and Gaul (1964) have 
suggested that the selection process should be delayed 
until M3 or later generations following the mutagenic 
treatments. Yoshida et^  aj^.(1969) reported that M3 and M^ . 
selections are by no means inferior to M2 selections. Tn 
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the present investigation, the performance of M3 appears 
to - be superior to M2. generation. 
The data reveal that mutation affecting the 
quantitative, character are not at random in all the 
varieties studied. This may be because all the three 
varieties had not reached its peak in performance and 
still retained the capacity for effectively utilizing 
mutagenic changes in the positive way for yield and its 
components. This may be connected with the history of 
selection of these varieties which consisted of only 
hybYiiization to the best of our knowledge. 
In general, the lower concentrations of the 
mutagens used in the present investigation were found to 
be more effective and efficient in increasing mean 
values for yield and yield components, compared to the 
higher concentrations. The present investigation also 
revealed that mutagenesis could be employed to induce 
the quantitative changes in the genetic architecture. 
Thus, the induced genetic variability can effectively be 
exploited for the improvement of chilli. 
Induction of Polyploidy: 
Tn the present study the shoot treatment of C. 
frutescens L. var. suryamukhi has given encouraging 
results in the induction of autotetraploidy in contrast to 
complete failure reported by Pal et al, (1941). 
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As regards the morphological characters the 
polyploids exhibited characters like stunted jrowth, 
coarse and dark green leaves, such characters have also 
been reported in induced polyploids by many other workers 
(Pal and Ramanujam, 1939; Pal et al^ . 1941, Palfi et al. 
1961, Murthy et al^ . 1968; Tapadar, 1963; Biswas and 
Bhattacharya 1971, 1972). The leaves and the floral parts 
were all larger than their diploids counterparts as 
indicated in Table 67 .. Pal et al. (1941) obtained 
fertile polyploids, with large fruits in the colchicine 
induced polyploids of Capsicum annuum L. but in the 
present investigation polyploids were completely sterile 
and there was no fruit setting; while large fruits were 
produced in the diploids which turned to attractive red 
when ripe. The polyploids were better in most of respects 
than the diploids, being more hardy. The pollen exhibits 
58.38% of fertility in the polyploids and pollen grains of 
different size were met with thereby indicating different 
chromosome composition. The polyploids show univalents, 
multivalents, multiple spindles, multipolar spindles, 
unequal segregation and breakdown of spindle mechanism. On 
the whole these various meiotic anomalies all lead to the 
production of gametes with unbalanced number of 
chromosomes such gametes may be sterile. But this does not 
explain the complete sterility of polyploids, 58.38% of 
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pollen is fertile which is sufficient to bring about 
fertilization but style disintegrates before the bud 
opens. 
Dobzhansky (1941) has classified sterility as 
genie and chromosomal. In genie sterility are included all 
types which are produced by failure of sex organs to 
develop upto the point where meiosis can take place or 
certain genically controlled anomalies of spindle 
behaviour and genically controlled asynapsis or desynpsis 
(Clarke 1940, Li, Pao and Li 1945). The chromosomal 
sterility on the the other hand is marked by lack of 
homology between the chromosomes of the individual which 
results in higher percentage of univalent chromosomes. 
Thus sterility in polyploids is both chromosomal as well 
as genie- the genic-sterility causes disintegration of 
style before fertilization can be effected. The multiple 
spindles and abnormal behaviour of spindle mechanism may 
lead to production of sterile gametes this is also genie 
sterility. The failure of chromosomes to pair and other 
related anomalies are instances of chromosomal sterility. 
Beasley (1940) reported almost complete sterility 
in the autotetraploids of Gossypium herbaceum. Einset 
(1944, 1947a) Found that only a small part of high 
sterility in lettuce autotetraploids accounted for the 
abortion of pollen grains and ovules. The main cause was 
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the failure of pollen grains to complete growth down the 
style and the inhibition of fertilization. 
The meiotic instability may be looked upon as a 
source of variation from an evolutionary point of view. 
Complement fractionation provides a method of decreasing the 
level of ploidy while somatic doubling and unreduced 
gametes tends to increase the ploidy level, thereby 
clearly indicating the reversible nature of polyploids. 
In Capsicum frutescens gametes are produced which 
have a wide range of chromosome complements resulting from 
complement fractionation and non disjunction. 
Recombinations of the these gametes could yield progeny 
with different chromosome number. These can be prepetuated 
as distinct variations with different level of ploidy 
provided they prove to contain favourable gene 
combinations. Gametes with variable chromosome numbers can 
be produced by increasing the meiotic instability. Thus a 
reservoir of variability may be maintained and from it, 
depending on the requirement, various types of gametes 
having different gene combination can be obtained. The 
importance of plants having the capacity to produce such 
variable gametes from evolutionary point of view is clear 
and also they are of great value to plant breeders. The 
gametes in such cases provide a ready tool to produce new 
types suitable economically to meet varying requirements. 
15^ 
But unfortunately these plants have proved to be totally 
sterile and no success has been achieved till now to bring 
about fruit setting. 
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SUMMARY 
The present investigation was carried out using 
two alkylating agents, viz., ethylinethane sulphonate 
(EMS) and methylmethane sulphonate (MMS) and a 
respiratory inhibitor, viz.. Sodium azide (SA) on chilli 
(Capsicum annuum L.). The main objective of this study 
was to explore the possibility of inducing genetic 
variability for quantitative characters in three 
varieties viz., NRH, Jwala and Suryamukhi Black of 
chilli. Various other aspects of this study were: (1) 
biological damage in M, generation; (2) efficiency and 
effectiveness of the mutagens; (3) chlorophyll mutation 
frequency and its spectrum. 
The M, generation was studied for such 
parameters as percentage of seed germination, seedling 
height, plant survival and pollen fertility. A 
depression in seed germination, seedling height and 
pollen fertility was envisaged with increasing 
concentrations of the mutagens. 
Morphological investigations of M-, plants 
exhibit anomalies in the cotyledonary and vegetative 
leaves and the frequency of such abnormalities was 
greater at the higher concentrations of mutagen in all 
the three varieties. Treatments with SA failed to 
produce anomaly in hhe cotyledonary and vegetative 
leaves in all the- varieties studied. 
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A wide spectrum of chlorophyll mutants was 
obtained in M_ generation. The frequency of chlorophyll 
mutations v;as dose dependent and increased with the 
mutagen concentration. EMS treatments induced the 
highest frequency of chlorophyll mutations and was 
followed by MMS and SA in all the three varieties. 
The mutagenic effectiveness as measured by the 
percentage of mutated plant progenies divided by the 
unit dose of the mutagen was higher at lower doses of 
the mutagens. MMS was found to be most effective and the 
order of the mutagens based upon effectiveness v/as 
MMS > SA > EMS. The mutagenic efficiency worked out on 
the basis of seedling injury (Mp/I) and pollen sterility 
(Mp/S), showed a declining trend with increasing 
concentrations of mutagens. The EMS treatments were 
found to be more efficient in comparison to the other 
mutagens (MMS and SA) in all the varieties. 
A wide range of morphological mutants exhibiting 
altered morphological features were identified in M„ 
population. The highest frequency was noticed in the EMS 
treated population and the lowest in the SA treated one, 
MMS treatments being the intermediate. The range of such 
mutants was relatively wide in the var. NRH followed by 
the varieties Jwala and S. Black. The isolated 
morphological mutants in the present investigation 
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showed a negative selection value. However, few of them 
can be improved through selection by eliminating some of 
the undesirable characters. 
Attempts were made to ascertain the effect of 
the mutagenic treatments on mean and the coefficient of 
variation (CV) in M, itself. Induced quantitative 
variability was studied for seven quantitative 
parameters, namely, days to flowering, plant height 
(cm), days to maturity, number of fertile branches, 
number of fruits, 1000 seed weight (g) and total plant 
yield (g). Means for all the seven quantitative 
characters remained unchanged in the treated populations. 
However, the coefficient of variation (CV) differed from 
character to character and the high<r«.t CV over the 
control \-fas recorded for fertile branches per plant. 
The mean number of fertile branches, number of 
fruits, 1000 seed weight and total plant yield of the 
plant increased in all the treatments. With some 
exceptions in the three varieties. The exceptions were 
noticed in M_ generation, where as M^ generation showed 
a complete positive trend of shift. The mean of days to 
flowering and maturity shifted on either side of the 
control mean after the mutagenic treatment. Flowering 
was early by four days with 0.2% EMS treatment in M 
generation of the var. NRH. Similarly days to maturity 
were reduced by approximately four days with 0.2 5 RMS and 
0.02% MMS treatments. The treatments of SA at 
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various concentrations gave the maximum reduction in 
plant height in all the three varieties. 
Certain mutants, much superior to the others in 
their performance for seed yield per plant were evaluated 
in order to find out the selection response in M^ 
generation. Increase in yield concurrent with the 
increase in mean values of fertile branches and fruits 
per plant was noticed. The other characters, namely, days 
to flowering, plant height, days to maturity showed no 
significant differences in mean values. However some 
characters such as 1000 seed weight differed 
significantly from the control. 
In general, the lower concentrations of the muta-
gens used in the present investigation v/ere more 
effective and efficient rather than the higher concentra-
tions. Mutagenesis could be employed to alter the genetic 
make up of the chilli. 
Cytological investigations of M. and M_ plants 
exhibited various meiotic abnormalities which increased 
with the increase of concentrations of mutagen. 
Irregularities observed are bridges, fragments, laggards, 
stickiness, non-orientation of chromosomes, precocious 
movement and multivalent associations of chromosomes etc. 
Multivalent association of chromosomes might be 
due to translocation while laggards are formed owing to 
weak pairing of chromosomes. Bridge formation is a 
I5q 
common, may be attributed to paracentric inversion, 
Precocious movements and stickiness of chromosomes is 
due to failure of chiasmata formation and deploymerisa-
tion of nucleic acid respectively. However breaks are 
formed owing to changes in molecular constituents of 
chromosomes caused by mutagenic treatments. 
Another attempt to induce the variability by 
colchicine application was undertaken in Capsicum 
frutescens var. Suryamukhi. The most effective 
treatment for the induction of tetraploids was found to 
be 0.2% aqueous colchicine applied to the growing point 
of young seedlings for 12 hours. On the whole 64% of 
plants became polyploid and survived. 
The induced tetraploid was characterized by deep 
green, thick and rough leaves with larger epidermal 
cells, stomata, palisade and spongy parenchyma. The 
number of stomata per unit area in the tetraploid was 
less than that of the diploid. In general the 
morphological characters were larger in the polyploids 
than their counterparts in the diploids. The 4n plants 
were completely sterile and no fruit setting was 
observed in them. The cause of complete failure of fruit 
formation lies in the premature disintegration of the 
stigma which blocks the passage of the pollen tube to 
reach the egg. The induced polyploids exhibit 
cytological abnormalities such as univalents, laggards. 
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restitution nuclei, non-congression and non-orientation 
of certain bivalents and other irregularities such as 
sub-division of the chromosomes complement into 2 or 
more groups that function independently within the cell/ 
nondisjunction of chromosomes and unequal distribution 
of the chromosomes to the polar regions at anaphase were 
noted at either or both meiotic divisions in the PMCs. 
The gametes produced by a polyploid with such a 
cytological mechanism will have extremely variable 
chromosome number. Those gametes v/hich have balanced 
genomes will be functional. The evolutionary 
significance of the various anomalies observed and their 
importance to plant breeder have been discussed. 
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of C h i . . . - „ ' • , , mci^c.pi::: L.:. 1 i u 0 . : " i KMS 
tr tdt ;nc. i . ' . t o 
3hc - f lny" ." 
4 . P o l l e n n">t'i. r c a l i ^ 5 u u i v c ; ! ; ;iit& a t u. t c .»*'^fiir*I i n 
0 .2?: EMS t r e a t i i t - a i t , ' *» 
5 . P o l l ; •  Tr)^)t!';fr ( : l i ohov.'r,.} cXninr"' -7 o f :;)'/X'mofjoiiies 
a t n<iiVapYi^^^L T i n U.u4% .JA t j . .b i tmr 'a t -
6 . P o l l e n m o t h e r c e l l s h o w i n g niuii-.'.v^ I t - u a r . . '.''^(-lun of 
c h r o m o s o m e s a t intta^jha-;--^ 1 i n i),C)';% r,i^ t , • . s t i n e n t . 
7 . PoJ I o n m . ' - h e r • : e l l -howii ' .y ' j uxv i - l e i i ! a .av M i s t u r b e d 
meciaphasr* i-n C.02"'; £V. tjueatment<> 
8 . r'cl].c>n m o t h e j ; c e l l shov/ij:(9' ui.ioqii.il cT'. ' .-ision of 
r ihvorccsomes ar.'^ Icigcjurds a t anarAi \^e X i n ^.^.^ f'llS 
t i f e a t m - n t > 
9„ P(.jllen ^aother cell j'howi:)';- aicronuclei Cormation 
and 3ome stray chromosomes at "-.elophase II ir 0.04% 
MMS. 
"-"'AA.iqxa 
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EXPLANr.T'^QN ZF FrGUP:^:S 
r i ' v e 5 
1 . F o l ] en m o t h e r c ^ l l ,s^"o,• j .-.vj fi riii>j a n d 5 ,.od 
2 . Pol ' r -T: n o h h e r - j e l l f uovj . • : o r r c j-cuin ;;;;r>.v:<iL i .ja 
o i ciiroi.'OoonieG a t '"eL-cX' a t ' e T i n 0 , 0 i';'; .'A 
i . r e i Lm^n t . 
3 . Vnli^:. iT'-'ijOr r ^ " ' i showinc ; ,t p i y ^ l o i d c\> i. i. V'il:h 
- ^ r Ci,:"^ iiosoriK.- l . i O.C '"^  •••S • •:. i: n?>'->t,. 
4 . P o l l e n M ^ ' i . r . - P I ' shcv i . : . ^ ;^  ' Um, i .ig o t i i h . n u , - _-:'T^ 
a t -.'.v-i-ap: a;~e i n G.0 3' oA • . u j L a ' . n t . 
5 . P o l l e n u io t ! i e r co l^ . s"-ov irv^ -9 r o J '-•i.valeiit.Li and 6 
6» P o l l e n no-^b-^r '-e"! 1 s h r v i n s r . - ' c k n e ' i s o f ch rou iosomes 
7 . A b n o r m a l p o l " n rrr ::bf,r c i s i ' v d n c , ' " c l c p h a s e w i t h 
l a g c / a r d s I n C ^ S " r'MS tr-^.i Lr.T^rit, 
8 . . Vf^T'Hn l a o t h e r ce.V] shov; in • r l jnpina,^c,hr.Y.;iiosoiries a t 
t e l o p h a s e I i n ? • % MMS. 
9 . Te lophc . cT I I ohow.r.ig s^- iy v id T^iq^^nrj Ta romosomes 
i n C.04% i'M'^  t r ea t i i . - ^n t „ 
. * y X f • \ ".. - A V 
uztelq 
001 ? ore f a Pb /\T€ % 
asmos' 
EXPLANATION OF FIGURED" 
Plate 6 : 
Fiys. 1-'! Caps ! cum annuum Lo Morpho i oqi r-il JIT? high 
yiej.dincj mutants. 
Fig. I Dwatf muLant (0.03S: MMS) 
Fig. 2 Bushy mutant (0.01% HnS) 
Fig. 3 Toll uvjtanh (0.1% F.K3) 
Figv 4 Hrgh yieldiiig mutant (0.0 2% MMS) 
LATE 6 
VQT NP.H 
I 0~ I'A. --i 
EXrLANA^QN OF ^"IGORES 
PLitte_7 : 
Fj.tj. I . C o n t r o l d i p l : id p ] a r i t . 
F i g . 2 Colrh. lploic? p l a n t .-/ith -- lecreased h e J g h t A 
numbt^r of b c a n c h e s . 
F i g . 3 . Cic>i . t t : s i s , doub led bu r c - n t o b l ' ^ i?^) 
F i g - - , n e t a p h a s c . T chov ing b j v a l e t s - u n i v ^ U n t - ^ 
•-nd nu j . t i va • ent'o :.r j o m o r r t mGt. phat-e p i a L e . 
F i g . 5' I 'c-ntrol l_af , 
Fiy. 6. Thick leatbrry and dark green I'.^af of 
colchjploid tlaut. 
Fig. 7- ContrcJ. flower. 
Ficf. 8. iX.-'wer of co] oh: pioid plant. 
Fig^ 9. Po.L.''er. •:t^.•^[^e"- ce/J sho'A'ing metaphase II in 
colchiploid plant. 
Fig„ 10. Pol].6n no'ler rel 1 showing unequ'il 
distribution -^f chromo'^omes at aneyhase II 
sto-Qe in C'lcl iplf'ld p.'.-^ nt. 
Fig. il . Pollen mother oell showing sevt-r-.l 
iiiicronuclei forma'-.ior of chromosomes at 
telophase II in colchiploid. 
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